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IABSTRACT
+The preparation of the haloboron cations D2 BF 2 and
DD'BF 2+, where D=R 3N or a pyridine, has been systematically
. 19 11
studied uS1ng F and B n.m.r. Both types of amines form
numerous difluoroboron cations by heavy halogen displacement
from D.BF 2 X (X=Cl,Br) adducts. Previously, n.BFX 2 (X=Cl,Br)
adducts of aliphatic tertiary amines were unreactive towards
cation formation. However, with the more-reactive pyridines,
D.BFX 2 adducts formed new monofluoroboron cations D2 BFX+
In non-fluorinated D.BX Y3 systems for
n -n
+both pyridines and R3 N, haloboron cations of type D2 BX 2 and
D2 BXY+ can be si larly prepared.
FAB-MS studies of ionic salts of our haloboron cations
resulted +m/z peaks characteristic of D2 BX 2 and its
fragmentation products. These results support our n.m.r.
solution studies.
Pairwise interaction n.m.r. parameters for tetrahedral boron
halide species were defined, then used to assist confirmation of
our haloboron cations
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CHAPTER 1
INTRODUCTION
AI
i) Boron Trihalides
The family of boron trihalide molecules has a trigonal
planar arrangement of halogens about a central boron atom. This
boron atom is sp2 hybridized, and shares six valence electrons
with its substituents.
halogens is an emp 2
Perpendicular to the plane formed
orbital on boron. Boron prefers to
the
gain an additional two electrons in order to fulfil the octet
rule. Consequently, boron trihalides are strong Lewis acids,
and form many donor-acceptor complexes with electron pair donors
( 1 ,2) •
Free boron trihalides have shorter boron-halogen bond
lengths than in their donor-acceptor adducts (3). This supports
molecular orbital calculations (4) stating that bonding
occurs from the filled p-orbitals of the halogens to the vacant
boron 2 orbital. From thermochemical data on B-X bond
strengths, it is known that B-F bonds are by fa the stronges
(Table 1). P~- overlap is expected to be more efficien
between boron and fluorine as they are both first short period
elements.
Table 1
Bond Ener ies of the Bor Trihalides (5)
Boron Trihalide B-X d nergy (kcal ole)
BF 3 154
BCl 3 106
BBr 3 88
BI 3 68
The ordering of the halide electronegativities is:
F > CI > Br > I •
Without p bonding considerations, fluorine would be most
effective in pulling electron densi from the boron atom, hence
making boron extremely electron deficient. However, the
electrophilic order of the boron trihalides is
BI 3 > BBr 3 > BCl 3 > B
This has been determined by adduct dissociation energies (6),
dipole moments (7), proton n.m.r. (8), and infrared studies
(9,10,11). pn- bonding reduces the ability of boron's 2p
x
orbital to accept donor electrons (12).
ii) Donors used in this work
a) Tertia Amines
In tertiary amines R3 N:, the nitrogen is a moderately
'hard' donor (13) of high base strength. The ability of the
nitrogen to dona e its electron pair to a boron atom to form a
donor-acceptor adduct is dependent on:
a) the alkyl group's abili to stabilize a resulting partial
positive charge on the nitrogen;
b) the steric effects between the al
substituents; and
c) orientation of donor and acceptor.
1 group and boronts
Aliphatic tertiary amines are all very good bases, with
p 's around 3-4 (Table 2). However, their reactivities as
interaction occurs among the substituents as in N
donors to BX 3 are very different (6). When minimal steric
3
, sp
hybridization and a tetrahedral shape result with the lone
electron pair sitt above the plane of the hydrogen atoms.
Once bu alkyl substituents are attached to nitrogen as in the
tertiary amines, the interaction between the substituents cannot
be ignored. As the steric interaction between the R groups
increas the R groups minimize the interaction by mov apart.
3Instead of entirely retaining the sp h ridized configuration,
the substituents are being pushed towards trigonal planar sp2
The electron pair is no longer entirely localized
in the sp3 brid lobe, but develops more p-character. This
results in less electron density being available for donation.
The sequence Me 3 N, Me 2 NEt, MeNEt 2 and Et 3 N exemplifies
increasing steric hindrance about the nitrogen. The steric
effec of the added e 1 groups has been previously measured in
terms of a quantity known as the cone angle (14,15). Cone angle
is defined as the minimum solid angle subtended at the accepter
site the donor molecule. The greater the cone angle, the
less able the donor will be able to approach an acceptor site.
Once donor-acceptor complexes are formed, donors having the
larger cone angles will have greater steric interactions with
the acceptor's substituents. Table 2 shows the p 's and cone
angles for several tertiary amines.
Quinuclidine (1-azabicylo[2.2.2]octane, herafter
noted as "Q"), has especially low steric hindrance and high base
strength.
Table 2
pKb'S and Cone Angles for pical Tertiary Amines
134
138
144
149
161
165
205
Cone Angle (+/- 2 0 )pKb
2.9 a
4.24 b
4.01 b
3.71 b
3.35 b
3.35 b
4.3 c
a Reference 16
b Reference 17
c Estimation, Reference 18
Tertiary Amine
Quinuclidine
NMe 3NMe 2 EtNMeEt 2NE
n-P N
i-Pr t
NMeE Bz
b) ridines
idines are a much different case of N-donors from
the tertiary amines. The nitrogen is only two coordinate, be
part of an aromatic r system. Pyridines are much weaker
Bronsted bases than the tertiary amines, with p 's around 7-8,
yet are still good donors to BX 3 •
As with tertiary amines, steric and electronic effects can
be c ed. A 1 groups on pyridine's 2 or 6 carbon positions
hinder the amine's nucleo ilic effectiveness. Al 1 groups in
the 3, 4 or 5 carbon position affect the electronic environment
of the pyridine nitrogen with little or no steric effect to the
nitrogen. Consequently, the effect due primarily to electronic
changes can be readily monitored in these systems.
iii) Boron Triha1ide Adducts
A wide range of 1:1 adducts form between the boron
triha1ides and neutral or ionic electron pair donors (18).
Donors are usually members of groups V, VI, and VII, but could
also be some transition metals (19). The strength of the
donor-acceptor bond is stronger with donors of the first short
period than with corresponding donors of the second. Adducts
with weak donor-acceptor bonds undergo a characteristic reaction
of rapid breaking and reforming of the adduc bond (20). Many
P-donors (21,22), S-donors (23), and O-donors (9,20,24) are
known, yet the amine N-donors (18) form especially well-behaved
BX 3 adducts. At ambient temperature, n.m.r. studies of amine
adducts are relatively uncomplicated by rapid chemical exchange
or irreversible decomposition (25).
Although BF 3 is the weakest electron pair acceptor of the
boron triha1ides, its donor-acceptor complexes are often the
most stable. Fluorine displacement is difficult, and reactions
such as intramolecular decomposition of the donor and acceptor
are less favoured. As a result more BF 3 adducts are known
(1,26).
Mixed boron triha1ide adducts can be prepared in a number
of ways (2). However, this research is primarily focussed on
the reaction between D.BF 3 and BX 3 to form D.B (n=O-3)3-n
species of amines and pyridines. Free boron trihalide is a
neccessi in causing halogen exchange (27).
StartingIt is important that the initial adduct is D.BF 3 8
with heavier halogens on D.BX 3 and attempting equilibration with
BF 3 will result in a very slow reaction to form the
mixed-halogen adducts (2,28). From boron labelling studies
(29), the D-B bond has been found to remain intact for amines
while the halogens exchange. With weaker donors such as Me 2 S,
the D.B bond can be readily broken. Rapid halogen exchange
resultantly occurs between Me 2 S.BX 3 and either free boron
trihalides or other n.BY3 adducts.
During equilibration of D.BX 3 with BY3' the adducts D.BX 3 ,
D.BX 2 Y, n.BXY 2 and D.BY 3 will result (30). With equimolar
amounts of the two reactants, these adducts will normally
equilibrate to near the statistic value of 1:3:3:1 respectively
(31). However, this does not always occur. As outlined by
Pearson and Songsted's "Symbiotic Principle" (13), soft ligands
or bases tend to flock together on a central metal atom, as do
hard ligands. Hence the mixed adducts are usually less favoured
dur equilibration. In D.B 3 systems, the fluorine atoms-n
are very hard while iodine is very soft. Consequently, very
little of the mixed adducts are obtained, as D.BF 3 and D.BI 3 are
more favourable (2). In contrast, redistribution equilibria
between two three-coordinate boron species frequently favours
mixed-ligand species over unmixed species (32). This has been
attributed to decreased competition for the emp p .... orbital of
boron by Pi bonding ligands. However, uncomplexed boron
trihalide mixtures of fluorine and a heavy halogen tend to
favour the unmixed species during redistribut on equilibria.
The larger heavy halogens cause the greatest deviation (33), in
agreement with the Us iotic Principle u •
Isolation of many mixed .... halogen D.BX 2 Y and D.BXY 2 species
at room temperature is impossible due to rapid halogen
redistribution. Many have been observed in solution in inert
solvents such as CH 2 Cl 2 (2). A few amine adduc s of mixed boron
trihalides have been isolated, due to their stablity to halogen
redistribution (30,34,35).
Boron trihalide adducts have similar bonding properties as
tetrahaloborate anions. In both cases, the boron atom has eight
bonding electrons, and thus an apparent .... 1 charge.
adducts, the donor forms a zwitterion complex with BX 3
BX3l, delocalizing a partial positive electronic charge.
Both D.BX 3 and B can undergo halogen substitution from attack
Y (2,24). Similarly, neutral donors can displace X from
B/ Tetrahedral Boron Cations
Boron cations, in particular those of
quite common (36,37). Also some compounds of the
2+ 3+D3 BX and D4 B are known where X is a heavy halogen (38).
Nitrogen .... containing boron cations have been firmly established
since the characterization of [BH 2 (NH 3 )2]+ (39) and other
similar species (40,41) were formed by spontaneous reaction of
B2 H6 with low steric hindrance amines. In cont ast, very few
difluoroboron cations were known prior to 1982 (see Appendix 4).
At this time, some bis(amine)difluoroboron cations were prepared
(18). Systematic preparation of bis(tertiary amine)-
difluoroboron cations was then carried out in our laboratory
(42,43). An extension of this earlier work using n.m.r. and
FAB-MS is the theme of this thesis.
In boron trihalide adduct systems, disproportionation of
the covalent D.BX 3 sometimes occurs, forming the ionic species
(Equation 1). Labili of either the
donor-boron or boron-halogen bond is
to low steric hindrance.
required (44) in addition
• •• 1
While some BC1 3 and BBr 3 adducts reacted spontaneously in this
manner (1,45,46), very few BF 3 adducts rearrange since B-F bonds
are strong. Two donors of BF 3 adducts tha do undergo this type
of rearrangement are amidines (47) and hexame
(48).
1 osphoramide
• •• 2
With the availability of D.BF X3 systems, difluoroboronn -n
cations can be synthesized by a different route. Displacement
of a leaving group X from D.BF 2 X (X=Cl,Br,I) by D results in a
difluoroboron cation (Equation 2).
+~ D2 BF 2 + X
For the tertiary amines, this reaction occurs most conveniently
when X is bromi D.B 3 adducts do not form readily-n
thou they are more reactive than D.B r 3 due to their lower-n
B-1 bond strengths (1), while D.B 1 systems are much less3-n
reactive than D.B r 3 _n (42,43). The tertiary amine that best
illustrated cation formation was quinuclidine (42,43). The
cation Q2 BF 2+ formed readily from Q.BF 2Br at ambient temperature
and atmospheric pressure (16-30 hours, the faster time
indicat a hi er quinuc1idine concentration). In contrast,
the formation of Q2 BF 2+ from Q.BF 2 Cl was much slower, requir
35 days at 4SoC to convert 10% of the adduct to the cation. In
either system the Q.BF 2X adduct was specifically attacked,
react completely to give Q2BF2+' while all remaining
Q.B r 3 adducts were unaffected as illustrated-n
(Figure 1).
An interesting cation resulted from a methy e 1-
benzylamine.B 1 3 _n system. This tertiary amine's nitrogen
becomes chiral once it is coordinated to boron. 11Under B
decoupling conditions (18), the expected pattern of the meso and
19
optically active isomers was observed by F n.m.r. after
quenching.
From studies involv more than one amine in DD'BF +2
formation (Equation 3), the importance of steric hindrance of
the donors became evident.
• •• 3
es in the al 1 groups of the donor attached to the D.BF 2 Br
adduct had little effect on the rate of reaction by the incoming
donor. There is marginal slowing of the rate of cation
-10...
FIGURE 1
llB NMR SPECTRA SEQUENCE dF QZBF t + FORMATION
FROM A Q.BF
n
Br3_n SYSTEM
A. FRESHLY PREPARED
, ! l !
B. AFTER 14 MINUTES AT 50°C
C. AFTER 18 HOURS AT 25°C
+4 +2 o -2
1 k
PPM
formation as one increased the hindrance. In contrast, steric
formation rates.
effects on the incoming donor had a major impact on cation
For synthesising the cation (n-pr 3N)Q.BF 2+,
the more hindered n-Pr 3 N must already be a tached to the boron
atom while quinuclidine must displace the Br from n-Pr 3N.BF 2 Br.
Reversing the position of quinuclidine and n-propylamine
+prevents DD'BF 2 formation. Mixed-amine adduct systems
(D.BF X3 + D') can also lead to the identification of threen -n
difluoroboron cations for two donors. The three possibilities
are
It was found that D.BF X3 systems in which cationn -n
formation was slow or very unfavoured tended to undergo halogen
e e with halogenated solvents. This was most evident when
(36)
chlorinated solvents were used, as D.BF 2 Br was converted into
D.BF 2 Cl.
Much of the chemistry of bis(amine)difluoroboron cations
has an analogy in (amine)2 BH 2+ cations. D2 BH 2 + formation occurs
readily from a number of syntheses (36), but the most successful
and widely used is the displacement of I from D.BHZI Ul.
Displacement apparently is SN2 in non-coordinating solvents
The reverse reaction to form D.BH 2 Y and D' from DD'BH 2
apparently proceeds readily with weak donors such as
acetonitrile (49). These cations have been studied using
11techniques such as B n.m.r. to show 1:2:1 triplets in the
region 0-6 ppm. relative to BF 3 0Et 2 (50), and throu x-ray
diffraction studies to show distorted tetrahedral structures
(51).
The study of mixed-amine DD'BH 2+ formation also leads to
results parallel with mixed-amine DD'BF 2+ forma ion. Loss of
the original donor on boron is possible if the incoming donor is
a stronger base. Therefore, the stronger of the two donors
should already be attached, and attack should be done by the
weaker donor. In addition, mixed donor reactions can
instead of the mixed cation.
+D2 BH 2 compounds are usually very stable due to the
unusually high strength of B-H bonds (36). They are stable to
most forms of oxidative and h rolytic attack. Usually, the
donor is the first to be attacked in chemical reactions. Thus,
increased relative stabili of these cations is dependent on
the bonding strength of the donor. For example, strong bases of
low steric hindrance such as Me 3N or donors which chelate form
the most stable complexes (38). The B-H bond however can be
forced to undergo substitution reactions if sufficien drastic
conditions are utilized. In this manner, compounds of e
~50) have been prepared.
Recently, interesting diamine boron cations have been
synthesized that are three (52) and even two (53,54) coordinate.
Even some three coordinate triamine cations ,are known (53,55).
In order for these unsaturated compounds to be stable, multiple
bonding must occur between boron and its ligands In two
coordinate amine cations, the structure N=B=N is usually
found. Boron is sp bridized, and is Pi bonding to the two
nitrogenswith its empty p-orbitals. The nitrogen donors are
usually bulky to sterically shield the boron cation from attack.
It is interesting that all the characterized three coordinate
cations contain one chelating group.
C/ Nuclear Ma etic Resonance
i) General
From the initial finding of a nuclear magnetic resonance in
1946 (56) to the present, high resolution nuclear magnetic
resonance spectroscopy (n.m.r.) has become a major chemical
analytical tool. Recently, improvements such as high field
multinuclear spectrometers and Fourier transform techniques now
allow studies of most elements that possess a nuclear spin
(57,58,59,60).
nuclei behave as though they are spinning, thus
possessing an angular momentum. The angular momentum (p) of a
nucleus is expressed as:
p = 2 • •• 4
where I is the nuclear spin quantum number of the nuclei, and h
is Planck's constant. For some nuclei having 1=0, there is no
angular momentum. However, when I~O, the angular momentum
produces a magnetic dipole moment (p):
J1 = p •• 5
is a constant of proportionali , called the magnetogyric ratio,
which is different for each element or isotope.
Once nuclei with a magnetic moment are placed in an applied
magnetic field (H ), the nuclei tend to precess around the
o
direction of The frequency at which they precess (Larmor
frequency) is determined by the equation:
v =
o
H
o
• •• 6
The energy associated with these nuclei is:
E = - p.Ho or E = - 7
For a nucleus with a nuclear spin of I, there are -I, -1+1
1-1,1 energy levels, each arising from an orientation of a
magnetic moment with H •
o
The separation between each energy
level (called nuclear Zeeman splitting) is a constant value. In
the case of 1=1/2, there are two energy levels with the quantum
numbers m = +/- 1/2. The n.m.r. experiment involves inducing
transitions between these energy levels by the application of a
secondary magnetic field, H1 , at right angles to Ho •
ii) Chemical Shifts
In an applied magnetic field (H ), a nucleus experiences
o
some magnetic screening by the electrons surrounding the
nucleus. These electrons are also influenced by the magnetic
field, and move in a direction so as to oppose the magnetic
field.
field:
The nucleus therefore experiences the net magnetic
H(nuc1eus) = H (1-
o
) 8
where is the screening factor for the electrons. It is
difficult to actually measure , as this would require
measurement of a 'bare' nucleus stripped of all electrons.
Therefore all measurements are made relative to agreed-upon
reference compounds.
Three components of the shielding term are identified (61),
as shown in Equation 9:
= d local + local + [ i • .,. 9
The diamagnetic shielding term, d local, involves free rotation
of electrons about a nucleus. As electron motion becomes
severely restricted in molecules, this term is dominant mainly
in single free atoms or symme rical ions. The paramagnetic
term, d local, involves mixing of paramagnetic excited energy
states under the influence of H as a measure of hindered
o
electron circulation about a nucleus. This term becomes
substantial for atoms involved in chemical bonding, particularly
for large atoms with many electrons in the outer orbitals. i
is a summation of other shield effects, including neighbour
anisotropy effects, interatomic currents, and the effects of
external electric fields (59).
Chemical shift is a dimensionless term (described in Uparts
per million") independent of magnetic field or frequencies used
in measurement It is used to describe the resonance position
of a particular nucleus relative to a reference substance. The
chemical shift is defined by the equation (59):
6
= VB ..... vr * 10
• •• 10
vr
where vs and vr are the frequencies of the sample and reference
respectively.
Increasing the shielding effect of the electrons results in
lowering the energy difference between the Zeeman energy levels.
As a result, less energy is required for transitions, allow
resonance to occur at a lower frequency.
iii)
Electron-coupled spin interactions may occur between nuclei
in a molecule. Resonances observed during the n.m.r. experiment
may be split into multiplets, resulting in more complex spectra.
These interactions are described the Fermi contact mechanism
(62) as be dependent on the electron densi at the n cleus.
As s-orbitals are the only orbitals having appreciable electron
densi at the nucleus, a relation between the magnitude of the
coupl and the s-character of the bond between two adjacent
nuclei is expected. S-character is determined by such physical
properties as hybridization, dihedral bond angles, and electro-
negativi of the substituents (59). This effect decreases as
the separation increases between interacting nuclei.
Consider the case of two non-equivalent covalently bonded
nuclei [AX] of nuclear spin 1/2, placed in an applied magnetic
field. bond electron near [A] will tend to align its spin
antiparallel to the nucleus' spin. Since two electrons form the
covalent bond between [AX], the second electron between the
nuclei will be antiparallel to the first according to the Pauli
exclusion principle. If this second electron is near [Xl's
nucleus, it will tend to orient the nuclear spin of [xl to be
parallel The most favourable situation resulting from this
interaction would be if the nuclear spins of [A] and [xl were
antiparallel to each other (62). However, the energy difference
between the magnetic interactions of the nuclei be parallel
versus antiparallel is small. Subsequently, there is an almost
equal probability for the two different spin alignments. At the
resonance frequency of either [A] or [Xl, the exact energy of
transition of the nucleus undergoing the n.m.r. experiment will
depend on the other nucleus' orientation. The result would be
two lines in the spectrum, separated a frequency proportional
on the interact on energy between [A] and [Xl.
The separation caused by spin-spin coupling is expressed as
J AX ' in hertz. This unit is a constant, being independent of
the external magnetic field strength. The interaction energy
can be expressed as J AX .IB , where I is the nuclear spin of a
nucleus. When nuclei having a nuclear spin greater than 1/2 are
introduced, 21 + 1 possible orientations of nuclear spin can
occur The resonance of a coupled nucleus will resul ingly
split into 21 + 1 lines in the n.m.r. spectrum.
When a nucleus is coupled to more than one nuclear spin,
the effects of the coupled spin states are additive. For n
coupled nuclei, the resonance of the observed nucleus will split
into n+l lines. The result multiplet intensities for one
through four coupled nuclei can be seen in Table 3.
TABLE 3
Multi lets Arisi from Cou to Nuclei of S
Spin Number of Resulting Relative Peak
Coupled
Combinations Nuclei Multiplets Intensities
+1/2
1 Doublet 1:1
-1/2
+1/2, +1/2
+1/2, -1/2 2 Triplet 1:2:1
-1/2, -1/2
+1/2, +1/2, +1/2
+1/2, +1/2, -1/2
3 Quartet 1:3:3:1
+1/2, 1/2, -1/2
-1/2, -1/2,
-
2
+1/2, +1/2, +1/2, +1/2
+1/2, +1/2, +1/2, -1/2
+1/2, +1/2, -1/2, -1/2 4 Quintet 1 4:6:4:1
+1/2, -1/2, -1/2, -1/2
-1/2, -1/2, -1/2, -1/2
iv) S in-Lattice Relaxation
Undisturbed, magnetically susceptible nuclei in a magne ic
field will establish a Boltzmann distribution between the nuclear
Zeeman energy levels. This distribution is modified a n.m.r.
experiment. Once the experiment is completed, the nuclei again
tend to reestablish this Boltzmanndistribution. This does not
occur spontaneously. Instead, the nuclei must interact with the
surround lattice; the lattice being locally fluctuating
magnetic and electric fields. Reestablishing the Boltzmann
~.
distribution is a first order exponential process characterized
a time period T 1 which is the spin-lattice relaxation time in
the equation:
• •• 11
where (n - n ) is the displacement from the equilibrium
eq
distribution n at time t or time O.
eq
Various T1 mechanisms exist (59,63). The efficiency of T1
relaxation is dependent on the proximi and extent of
interaction between the nucleus and the lattice. Our research
was primarily interested in the effects of molecular tumbling on
T1 relaxation times. Decreasing the molecular tumbl
solution increases the effectiveness of spin-lattice
interactions.
v) Bo on and Fluorine N.M.R.
rate in
Most of the species studied in this research contain both
fluorine and boron. These elements have abundant nuclei hi ly
suitable for n.m.r. (Table 4). Samples could be monitored
both boron and fluorine n.m.r. at the same period in their
reactions. The use of other nuclei was limited.
Table 4
Isoto es of Fluorine and Boron (61)
Element Atomic
Wei t
Nuclear
Spin
io
Abundance
N.M.R.
Sensitivi *
Fluorine 19 1/2 100.0 0.883
Boron 10
11
3
3/2
19.78
80.22
0.0188
0.165
=============================================:=::===:=::=:==
* Calculated on a 1:1 basis relative to H
n.m.r. was the main monitoring tool of our D.B 3-n
systems. With 19 F be 100% abundant, fluorine-containing
species were readily identified. Most resonances appear as
1:1:1:1 quartets. A directly bonded llB nucleus has a nuclear
spin ot 3/2, resulting in four possible nuclear spin states.
The fluorine nucleus interacts equally with each of the four
Coupl
spin states, producing a symetrical 1:1:1:1 quartet in a
to 10 B nuclei of spin 3 is usuallyfluorine spectrum.
b d o. d 1 0 h · llB 1 0 •not o serve S1nce 1t un er 1es t e more 1ntense coup 1ng 1n
19 F spectra. It is however detectable by the anomolously larger
inner two peaks of the 1:1:1:1 quartets A o 1 19 Fp1ca n.m.r.
spectrum of a Q.B r 3 system contain-n
shown in Figure 2.
Both isotopes of elemental boron can be used for boron
n.m.r. experiments. They are both relatively sensitive, and
FIGURE 2
19F NMR SPECTRUM OF A QUENCHED QUINUCLIDINE.BF Br 3 SYSTEMn -n
Q IF +2 . 2
Q.BF 3
QoBFBr z Q.BF 2Br
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Si-J 3800
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I
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Chemical Shifts Relative to CFC1 3
have a large chemical shift range (250 ppm.). l1 B .. h1S t e
preferred nucleus for study due to its hi er abundance and
better sensitivi
When boron spin-couples to fluorine, multiplets may arise.
This can be of great assistance in e determination of the
number of attached fluorines in a particular species. However,
very high magnetic field strengths are required in order to
avoid extensive overlap of these multiplets. Even when using a
powerful n.m.r. spectometer for iiB, overlapping multiplets
+still observed in the spectrum of Q2 BF 2 formation from a
Q.BF Br 3 system (Figure 1).n -n
are
vi)
cons ants of some nucleiThe chemical shifts and coupl
1 13(eg. H, C) can be calculated us linear additivi rules:
each substituent has an assigned parameter.
parameters in four-coordinate boron-contain
However, the n.m.r.
compounds cannot
be obtained by direct additivi parameters, apparently due to
residual Pi bonding in these species. It has been shown that
many n.m.r. chemical shifts and spin-spin coupling constants of
directly bonded nuclei are not directly addi ive, but are
pairwise additive with respect to the subsituent groups for
various nuclei (2,64,65,66,67,68). The chemical shift (or
coupling constant) is therefore expressed as:
= 12
where is the pairwise parameter associated with subs ituents
i and j independent of all other substituents. Every
combination of substiuent interaction is considered in the
summation about the central nucleus, excluding the nucleus
undergoing the n.m.r. experiment. In the case of D.BFC1Br, the
theoretical values are:
15
14
• •• 13
=
=
liB
n C1 ,Br + n C1 ,D + ,Br
• +' + n' + n'n F,D n F,C1 F,Br Cl,Br
• •+ n Cl,D + n D,Br
Ji1 B_19 F = n n nn C1,Br + n C1,D + n D,Br
where n .. , n' .. and nn .. are all different.
1J 1J 1J
For more accurate n.m.r. parameter calculations, inter-
actions between three or more substituents might be included in
Equation 12. However, only a limited number of molecules would
contain these parameters. The result would be the underdeter-
mining of data leading to more limited use of these interaction
parameters.
Vladimiroff and Malinowski (64) justified theoretically the
use of pairwise additivi for chemical shifts and nuclear
spin-spin coupling. They attributed the pairwise contribution
of a substituent as a linear correction of the molecular orbital
wave function, due to interaction between electrons amongst the
substituent groups.
D/ Fast Atomic Bombardment Mass S ectromet
i) General
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The analysis of polar and thermally labile molecules has
until recently had limited success in mass spectrometric
analysis. The main problem was the requirement of the sample to
be presented into the ion source in the gas ase (ususally by
heating) for ionization to occur. Surface techniques evolved in
an attempt to get around the problem. Field Desorption (69)
involves the depositing of sample on an emitter wire coated with
microcrystalline carbon needles, and placing the wire in a high
field gradient for desorption. Good results are obtainable, but
sample preparation is very time consuming. Laser Desorption
(70,71) involves using pulsed lasers in co unction with time of
flight (or quadrupole) mass analysers. This technique is still
in its infancy, but has problems of thermal degradation of the
sample. Secondary Ion Mass Spectrometry (SIMS) (72) involves
the sputtering of material from a sample target by a beam of
ions. Resulting ion current decayed rapidly as the sample
became damaged and as charge built up on the target. It was not
until 1981 (73,74) that a new technique called Fast Atom
Bombardment Mass Spectrometry (FAB-MS) was introduced. Since
then, FAB has developed into a powerful analytical tool (75).
ii) Method and Instrumentation
FAB-MS is different from other surface chemistry techniques
in that the sample is bombarded by fast neutral atoms, of 2-8
kev energy, which sputter ions from solids and liquids (76).
The technique for generation of fast neutral atoms is not new
(77) • Ions are formed in a cold cathode discharge source with
the introduction of an inert gas, and exchange their charge with
slow moving gas molecules in a collision chamber. The neutral
atoms then proceed on to the sample, while the ions are removed
an electrostatic deflection plate. This technique works best
when the molecules of gas introduced into the discharge source
are the same as those introduced into the collision chamber (78).
A
A+
-+
+ A
A+ +
~.
e .....
A + A+ 16
Once the fast neutral atoms are formed, they cannot be steered
or focussed with magnetic fields as ions can. Consequently,
proper alignment of the source with the target is assured us
a laser (79).
The neutral beam of atoms hits the sample at the target at
an angle of 60 0 to the surface normal, causing ions to be
sputtered off. Since both positive and negative ions are be
sputtered, either type of ions could be analysed in the
spectometer without changes to atom source conditions (80).
These ions are guided by collimating and focussing electrodes to
the mass analyser. As one might expect, heavier neutral atoms
hitting the sample will cause more sputtering. Consequently,
xenon is more frequently used than the cheaper, lighter argon
gas, in order to get a three ..... fold increase in sensitivi The
optics and design of a FAB source will not be discussed further
in this thesis, but there are many descriptive articles for
those interested (81,82).
FAB spectra can be obtained without a matrix (83), similar
to SIMS However, lifetimes of these spectra are short, being
dependent of the rate of destruction of the sample, ie through
polymerization. In order to provide a continuous ion current
from the target for more than a few minutes, samples are usually
introduced with a matrix liquid having a low vapour pressure.
The matrix regenerates the surface by slow diffusion of the
sample to the surface where sputterring is occur ing. Glycerol
is the most commonly use matrix. Polar ionic samples in
glycerol usually have a hi solubility thus good diffusion
rate, and yare usually dissociated into ionic groups When
samples are already preionized by the matrix, the splashing of a
heavy atom into the matrix will sputter ions into the chamber
without their need to be ionized. This greatly increases the
sensitivity of the FAB experiment. Possible problems with a
matrix might be the observed presence of cluster ions with the
matrix, particularily at low m/z, and/or the sample decomposing
in the matrix.
The spectra of FAB samples show even-electron molecular ions
of high sensitivity. Instead of seeing the M+ species as in the
EI (Electron Impact) mode, we might observe the quasi molecular
ions (M+H)+ in the positive mode and (M-H)- in the negative mode
due to matrix preionization. It is known that doping samples
promotes preionization, thus further increasing the sensitivi
of the FAB experiment. Generally, bases are added to promote
anions and acids to promote cations (84). The utili of a
(M+l)+ peak in the positive mode for structure elucidation mi t
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be overshadowed by factors such as this peak's low intensity, or
if it overlapped with other peaks. One easy way to help
simplify this is by the addition of an ionic salt such as NaC1.
Instead of the (M+H)+ peak, we may now see the (M+Na)+ peak.
The advantages of FAB far outweigh the disadvantages of
this analytical technique. The present work provides examples
of how inorganic chemists can use this new technique as a
complement to other powerful techniques such as n.m.r.
Organometallic and biological reviews of FAB's usage illustrate
its importance in other areas of chemistry (76,78,83). The
future looks bright. Limits to the size of the largest molecule
that can be lifted from a matrix surface are unknown. Inorganic
cluster ions have been observed at m/z values over 25800 (85).
The sensitivi limit of a sample is also unknown, as this is
dependent on the matrix used, but sensitivity is good. One
problem that must soon be solved is the reduc ion in the
guesswork in the effect of the matrix on the spectra
interpretations.
CHAPTER 2
EXPERIMENTAL
(A) Materials
(i) G eral
Moisture-sensitive materials were handled under a drous
conditions on a Schlenk line or in a glove bag (86) except where
otherwise noted. Potentially roscopic chemicals were stored
(ii)
in a dessicator over magnesium sulfate or di os orus pent-
oxide. Many of the experimental techniques described in this
chapter are very similar to those described in the author's
fourth year thesis (42).
Boron Trihalides
Boron trifluoride and boron trichloride (Matheson) were
both used directly from lecture bottles, with no further
purification. For this work, it was not necessary to undergo a
trap-to trap distillation on a high vacuum system to remove HF
and other possible contaminants.
Boron tribromide (Alfa Inorganics) was received in sealed
ampoules. Liquid BBr 3 was treated with an excess of metallic
mercury to remove bromine, which was evident from the orange
discoloration. A trap-to-trap distillation was performed on a
high vacuum system to transfer the BBr 3 into separate glass
ampoules before sealing them. These ampoules contained between
0.5 to 3.0 ml of the colorless liquid. To prevent bromine from
reappearing, these ampoules were stored in the dark.
Boron triiodide (Alfa Inorganics) was used without further
purification after being sealed into ampoules in 1981 by Arnold
Fox. Some iodine (pink discoloration) was evident. In a few
cases, boron triiodide was used directly from the reagent bottle
in a glove bag. Iodine contamination was evident in addition to
some unknown brown particles which did not dissolve in CH 2 C1 2 or
toluene.
(iii) Solvents
Deuterated chloroform (Norell, Inc.) and reagent grade
chloroform (BDH) were kept over Linde 4A Molecular Sieves.
Reagent grade 1,1,2,2-tetrabromoethane (British Drug Houses) was
used with no purification or drying. Me lene bromide (sealed
ampoule - British Drug Houses) was fractionally distilled.
Instead of adding a stabilizer, this solvent was wrapped in
aluminum foil and kept in the dark. Me lene chloride (BDH)
was fractionally distilled and stored over Linde 13X Molecular
Sieves.
(iv) Donors
The majority of the work in the thesis involved tertiary
amines and pyridines as donor molecules. Table 5 lists these
nitrogen donors with their sources and purifications. Other
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TABLE
TERTIARY AMINE AND PYRI NE DONORS USED
DONORS
Tertiary Amines
Quinuclidine
MezEtN,
EtzMeN, i-PrzEtN
Me 3 N
Et 3 N
n-Pr 3 N
N,N-Dimethylaniline
SOURCE
Aldrich
Aldrich
Matheson
BDH
Eastman
Fisher
PURIFICATION
dried over NaOH
crystallized from
acetone
none
none
none
none
fractionally distilled
before use
MeBzNEt
Pyridines
Arnold Fox stored over 13X sieves
synthesis 1981
Pyr,Z-MePyr,3-Me
4-MePyr,Z,6-Me
z
Pyr
British Drug
Houses
fractionally distilled
and stored over NaOH
Z,4,6-Me 3 Pyr
4-PhPyr
Z-E r Aldrich
British Drug
Houses
Aldrich
= Phenyl
fractionally distilled
and stored over NaOH
none
none
donors and reagents are listed in Table 6.
(v) Boron Triha1ide Adducts
Boron triha1ide adducts of several amines were prepared
under drous conditions. Hexane dried over sodium wire was
used to dissolve the amines (0.3 M) under an inert atmos ere.
BF 3 or BCl 3 gas was bubbled throu the solution while cool
in an ice bath and mechanically stirring. The apparatus is
illustrated in Figure 3. In order that the inert atmosphere be
preserved, positive nitrogen pressure was maintained at all
times. The adduct precipitated from the hexane solvent.
One of two techniques was used to isolate the adduct
precipitate from the solvent. The first involved using a
syringe/septum system for transferring the solvent to a waste
container. As illustrated in Figure 4a, the solvent is
transferred by maintaining a partial vacuum on the waste Schlenk
vessel, and positive nitrogen pressure on the precipitate--
contain vessel. [The partial vacuum will draw wet air into
the lower Schlenk vessel. This is unimportant here, as the
filtrate in this vessel is discarded. The usual practice is to
place a syr e in the rubber septum for excap nitrogen.]
The second technique involved the direct transfer of the
solvent/precipitate slurry into a Sch1enk vessel contain a
fritted glass filter. The solven was then pulled through the
filter by applying a partial vacuum below the filter, and having
nitrogen pressure above the filter (see Figure 4b). The choice
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TABLE 6
OTHER DONORS AND REAGENTS
NAME SOURCE PURIFICATION
1,5-Diazabicyclo[5.4.0]undecene 7 Abbott
NaPh 4 B
+{n-Bu)4N eN
t 4N+ 504= , Et4 N+ NO~
Et N+ Ac
4
AgBF4 ' Et 4 N+ BH4
l<Mn04
Acronitrile , 2:2'-Bipyridyl
Fisher
Ruka AG
Pfaltz & Bauer
Pfaltz & B:auer
Alfa
McArthur
BDH
N,N-Dime lformamide BDH
HMPT BDH distilled
MeOH , EtOH , CH 3 CN , Et 20
Me 2 S , Me 2S=O
Caledon
Baker
ClEt4
(n-Bu) I E CIO
4
Eastman
Eastman
Methylbenzoate Eastman distilled
Aldrich
Aldrich
N-MePiperidine , Dihydrofuran
+ - +-(n-Bu)4N Br ,Me 3BzN MeO
HMPA : (Me2N)3P=O , Quinoline Aldrich
AlB ,A1C1 3 , (n-BU)4 N+ F-.3H 20 Aldrich
distilled
t-BuNC , 1,1,3,3-tetrame lurea Aldrich
Tetrahydrofuran Frinton
Hexcel
Matheson
c-33--
FIGURE 3
J~APPARATUS FOR THE PREPARATION QF D.BX 3 ADDUCTS
B
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FIGURE 4
FILTERING TECHNIQUES FOR D.BX 3 ADDUCTS
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of technique was dependent on the type of precipitate formed.
Fine precipitates that formed an emulsion-like slurry were not
easily separated from the solvent by the syringe/septum
technique. In either technique, the isolated precipitate was
washed twice with additional dry hexane inside Sch1enk
equipment. The adducts were then stored in screw-cap vials
under nitrogen and kept in a dessicator. It became evident due
contamination.
to decomposition of the n.BF 3 adducts in these bottles inside a
dessicator that most were very hygroscopic. Ground glass
stoppered test tubes were then used for storage, minimizing H2 0
In a few n.BF 3 cases, oils were obtained instead
of a precipitate. Lowering the donor concentration (partic-
u1arly with pyridines) to 0.2 M and slow the BF 3 bubb1
rate got rid of most oiling problems. Remaining oils were
pumped on the Sch1enk line to remove traces of hexane. The 19 F
n.m.r. spec rum of the oils indicated a small impurity of BF 4 •
Most likely, the lecture bottle of BF 3 gas contains HF.
Reactions initiated with these oils were not noticeably
different from those using BF 3 adducts that were white
precipitates.
(vi) N.M.R. References
Hexafluorobenzene (Whittaker), the fluorine-19 reference,
19
was used with no purification as an internal secondary F
standard (-162. ppm. from CFCl 3 ). Two external reference
standards were used for Boron-ll n.m.r. B(OMe)3 (Aldrich) (18.1
ppm. from B Et 2 ) was used with no further purification.
BF 3 .OEt 2 was prepared by reaction of BF 3 with die
The liquid adduct was then fractionally distilled.
1 ether.
Both boron
references were sealed under vacuum into medium walled 5 mm
n.m.r. tubes, and stored in the dark.
(B) Pre aration of Cations
(i) Boron Trihalide Solutions
Ampoules of boron tribromide and boron triiodide were
etched with a file, then broken in a glove bag. The BX 3 was
immediately added to a solvent in a stoppered storage vessel.
These solutions (0.5-2.5 M) were immediately cooled to
o 0
temperatures between -20 C and -78 C and kept there during
storage and usage. No decomposition was ev dent in this
temperature range with all the solvents used, unless they had
some exposure to light.
(ii) Difluoroboron Cation S thesis
The formation of difluoroboron cations first requires the
formation of D.BF 2 X intermediates (Equations 17 and 18) (42,43).
D.BF 3 + BX 3 ~ D.BF 2 X + D.BFX 2 + D.BX 3
D.BF1X + D' -+ DD'BF 1+ + X
17
18
This was done by equilibrating at room temperature for one half
hour 0.5-1.0 M solutions of D.BF 3 adducts with 0.5-2.5 M BX 3
(X=Br or I) 0 produce species of form D.B (n=O-3).3-n In
addition, some BF X4 - species have been observed in unquenchedn -n
systems. It is not known present what the counterion might
be, though D. is probable.
solvent.
CDC1 3 was the most commonly used
The predominantly used boron trihalide was boron
tribromide due to the abundance of the D.BF 2 Br adduct and its
high reactivity. In order to obtain a large amount of the
D.BF 2 Br adduct relative to other adduct peaks, 0.5 mmoles of
BBr 3 should be added per mmole of D.BF 3 • This optimizes the use
of the more expensive BBr 3 reagent.
The formation of D.BF
n
C1 3 _n systems involved the direct
addition of gaseous boron trichloride to a solution containing
n.BF 3 - BC1 3 concentrations were determined approximately using
19 F n.m.r. Further investigations using this chemical might
best involve condensing a known amount of BC1 3 from a vacuum
line.
The solutions containing mixed boron trihalide adducts were
transferred ~irectly to clean 5 mm n.m.r. tubes which had been
purged with nitrogen and placed in an ice bath. Excess donor
(1.0-5.0 mmoles donor / mmole of D.BF 3 ) was added by syringe for
a two-fold purpose. First, this Lewis base quenches all
uncomplexed boron trihalides present in solution to prevent
exchange reactions from being rapid on the n.m.r. time scale.
(Unless otherwise noted, the term 'quenching a solution' in this
thesis will always refer to the addition of excess Lewis base;
more than enough to complex with any Lewis acids present.)
Secondly, the excess donor may attack the D.BF 2X species,
8-
+ • +displacing X to form a cation of type D2 BF 2 or DD BF 2 • When
19
the initial and quenching donors are not the same, F n.m.r.
peaks for the mixed boron trihalide adducts of the quenching
donor can also be observed (42,43). When adducts of the
quenching donor are undesirable, solutions are initially
quenched with sufficient of the initial donor to quench 90% of
the free boron trihalide. The addition of the second donor
therefore does minimal quenching, and should mainly be present
to act as a nucleophile. The resulting solutions were stirred
with a narrow glass rod before capping and wrapping the n.m.r.
tubes with parafilm. For experiments very sensitive to moisture
contamination, quenching was done inside the glove bag. Though
rubber septa were not used, they would further reduce water
vapour contamination in the open air and in the glove bag.
To assist in the formation of difluoroboron cations,
temperatures were varied up to 100 o C. Reactions were run at
room temperature or higher using a constant temperature oil
bath. N.m.r. tubes containing prepared reaction solutions were
suspended in this bath. With constant stirring and monitoring
of the light paraffin oil, temperatures between 25 and 100 0 C
(+/- 0.5 0 C) were easily maintained for long periods.
oTemperatures above 70 C required the use of solvents which had
higher boiling points than CDCl 3 , such as CHBr 3 or toluene.
Harsher conditions were attempted on a few samples.
Quenched D.B r 3 _n solutions in CHBr 3 were sealed under vacuum
on a Schlenk line in medium walled 5 mm n.m.r. tubes. These
solutions were placed in the hot oil bath. Handling samples in
this manner results in the study of systems at other than
atmospheric pressure, and it ensures that none of the reactants
are lost through evaporation.
Fluorine-19 peaks were internally referenced to C6 F6
(-162.70 ppm. from CFC1 3 ). The reference peak sometimes
interfered with studies of these systems, so C6 F 6 additions were
made only after successful reactions were observed These
additions were performed by diluting the reference with the
solvent being utilized, then injecting a portion into the sample
using a syringe.
iii) Monofluoroboron
19
20
The preparation of monofluoroboron cations is not
appreciably different form the preparation of difluoroboron
cations. However, instead of just displacement of X from
D.BF 2X, X is displaced from D.BFX 2 or from DD'B (Equations
19 and 20).
D' + D.BFX 2 -+ DD'BFX+ + X
D" + DD'BFX+ ....... DD'D u BF 2 + + X
In order to increase the amount of D.BFX 2 in the redistribution
equilibria (Equation 17), a greater amount of BX 3 must be added
than with difluoroboron cation syntheses: 0.8-1.0 mmoles BX 3 /
mmole BF 3 111 The processes of quenching and sample handling are
no different from those used in forming difluoroboron cations.
The main difference is that higher temperatures and the most
reactive amine systems are required. The monofluoroboron
cations form (if at all) under conditions such that D.BFZX has
+already reacted to produce D2 BF 2 • As one can see from Equation
20, D3 BF
2
+ formation occurs at the expense of D2 BFX+ cations.
Not surprisingly, BF 2+ is the most difficult of the
fluoroboron cations to synthesize.
iv) Non-Fluorine
Cations from nonfluorinated systems were relatively
difficult to monitor by n.m.r. since 19 F was not available, and
ll B analyses on Brock University's WP-60 did not have the
necessary chemical shift dispersion. D.BC1 3 adducts were
equilibrated with 0.5 mmoles BX 3 (X=Br,I) / mmole D.BC1 3 in
me lene chloride. Quenching and sample handling was no
different than the other systems. The leaving group, X , is
displaced from D.BC1 2X and D.BClX 2 by D' (Equation 21)
D.BC1 2X , D.BC1X 2 + D' -+ DD'BC1 2+ , DD'BC1X+ 21
Halogen displacement of X is less favoured from the D.BClX 2
adduct than from D.BC1 2X. Studies were limited to just four
amines: pyridine, 2-picoline, trime lamine and quinuclidine.
v) Further techni ues for Pre Cations
The preparation of fluoroboron cations was not limi ed in
the techniques described above in sections Bii) and Biii). At
times, other reagents were added to (D.BF X3 + D'). Forn -n
example, AlBr 3 and AgB were added to two separate solutions in
attempts to extract the leaving group from D.BF 2X, to assist D'
attack. Also, R I was added to D.B r 3 systems in an-n
attempt to obtain highly reactive iodine-containing adducts.
eriments were performed involving refluxing D.BF 3 adducts, to
+see if disproportionation would occur to form D2 BF 2 and B
However, the only auxiliary technique that worked in forming
cations was the elimination of solvent in pyridine systems. All
these techniques will be decribed in detail in further chapters.
vi) Isolation of Difluoroboron Cations from Solution
In addition to the study of precipitates that occur
spontaneously in many solutions, it is desirable to specifically
precipitate the cations we are forming, for elemental analysis.
Two techniques have been attempted. The first involves the
extraction of the solution (usually chloroform) with water. The
water extracts the ionic species, leaving the covalent adducts
behind. The H2 0 is removed by evacuation on the Schlenk line.
The residue is redissolved in chloroform. Now, the cation is
crystallized by the careful addition of a non-polar solvent
(benzene) in a narrow tube, so that two layers of solvent exist.
By slow diffusion of the non-polar solvent into chloroform,
crystals of the cationic complex can be obtained.
The second method of cation isolation initially involves
the precipitation of everything in solution. This is normally
done by the addition and mixing of a non-polar solvent (hexane
or petroleum ether). In most cases, an oil instead of a solid
precipitate forms. Oils are pumped on the Schlenk line to
remove solvent, so that a solid residue remains. The solid is
then dissolved in absolute ethanol with gentle warming (up to
the boiling point if necessary) The solution is then cooled to
or lower, until a precipitate appears. The covalent adducts
remain behind in solution.
absolute ethanol is done.
A second recrystallization in
Samples were sent to Guelph Chemical Laboratories Ltd for
carbon, hydrogen, nitrogen, fluorine and bromine elemental
analyses. Satisfactory results have not as yet been obtained
+ -It was hypothesized from a Q2 BF 2 Br sample that Cl might also
be a counter ion. The chloride ions were entering the system
from the chlorinated solvent. Additional problems arose dur
other crystallizations from the contamination of DH+X-.
will be discussed as uHX u contamination in this thesis, since HX
first had to be formed in solution to react with the already
available D.) + -DH X would not separate from the other ionic
species even upon recrystallization from absolute EtOH. An
+ -elemental analysis of a crystalline uQ2BF2 Br It salt actually
+ -had a composition very close to QH Br. The addition of sodium
tetraphenylborate to a difluoroboron cation-containing solution
in EtOH caused immediate precipitation of this cation. The
halide anion was eplaced by a more suitably sized tetra-
phenylborate anion under conditions that DH+X- did not
precipitate. At present, some samples appear to be
TABLE 6A
Elemental Anal ses
Calcula ed aObserved #1 bObserved #2
N 7.98 70 7.3 70 6.85 %
C 47.89 43.66 41.63
H 7.46 6.28 6.65
F 10.62 9.08
Br 22.76 41.40 19.32
B 3.08
a Actually (Q H)Br
b Contamina ed salt
3-
contaminated with NaBPh 4 despite recrystallization. An attempt
to precipitate the salt of the difluorohoron cation from the
solution it was formed in (CHC1 3 ) using this technique was
unsuccessful.
(C) N.M.R.
i) Instrumentation
Fluorine-19 spectra were routinely obtained on a Bruker
WP-60 FT n.m.r. spectrometer with an operating frequency of
56.45 MHz., using a fixed frequency probe and quadrature
de ection. pically, a spectral width of 3800 Hz with a 1.08
second aquisition time was used to obtain an 8K FID. These
FID's were obtained with 50 to 2000 30 0 pulses us the PAPS
sequence, then transformed using 0.5 Hz. line broadening into 4K
spectra. The average chemical shift deviation is +/- 0.1 ppm.
A · b · d 19 F ft t1mes, we 0 ta1ne n.m.r. spectra rom a more
powerful instrument in order to separate overlapp 1:1:1:1
quartets on the WP-60. The Brucker CXP-200 FT n.m.r.
spectrometer at the South Western Ontario N.M.R. Centre with an
operating frequency of 188.29 MHz. for 19 F was used. As one
increases the magnetic field strength, chemical shifts (in ppm.)
and coupling constants (in Hz.) do not change. Instead,
chemical shifts in hertz increase the factor 200/60 while
coupl constants (in Hz.) remain the same, which effectively
separates many overlapping coupling patterns. pically, 8K
FID's were obtained with 100-500 30 0 pulses covering a 10,000
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FIGURE 5
COMPARISON OF l1 B N.M.R. SPECTRA FOR A 2-MePyr.BF n Br 3_n SYSTEM
ON THE WP-60 AND WH-400 SPECTROMETERS
Spectrum at 19.25 MHz.
Spectrum at 128~36 MHz.
n.BF 3
-2.0
Chem i cal S h i f t s Re 1a t i vet 0 BF 3,0 E t 2
0.0 ppm
Hz. sweep. 0.5 Hz. line broadening was applied and 8K of zero
fill
ppm.)
was added before transforming into 8K spectra (+/- 0.05
Boron-l1 spectra were obtained from three sources, but
primarily from the Bruker WH-400 FT n.m.r. spectrometer of the
South Western Ontario High Field N.M.R. Centre, operating at
11128.38 MHz. for B. A sweep width of 10,000 Hz. was
used to obtain an 8K FID. The FID's with 8K of zero filling
were transformed with 0.5 Hz. of line broaden into 8K
spectra. The average chemical shift deviation is +/- 0.02 ppm.
11 B spectra were also obtained with Brock Universi 's WP-60 FT.
narrow range.
n.m.r. spectrometer operating at 19.25 MHz. Unfortunately, most
of the complexes being studied have llB donor shifts in a very
19 11 .Overlap of F- B coup11ng patterns made
in erpretation too complex with this spectrometer (Figure 5).
The Bruker CXP-200 instrument at the N.M.R. Centre was also used
occasionally for ll B spectra at 64.27 MHz. when the VH-400
instrument was not available. Though there is less chemical
shift dispersion than the 400, resonances are usually
distinguishable. 8K FID's were accumulated by 200-1000 30 0
pulses covering a 5000 Hz. range. These were transformed with
8K of zero fill and 0-1.0 Hz. line broadening into 8K
spectra.
27 Al n.m.r. spectra were obtained at 104.18 MHz. on the
WH 400 at Guelph. The experiment showed the versatili of the
multinuclear spectrometer by the ease at which this nucleus was
d I d .. n 11rea i y set up ur1ng a B n.m.r. run".
A brief attempt was made to obtain 15 N spectra of samples
at Guelph on the WH-400 using the INEPT (90,91) pulse sequence.
Unfortunately, instrumentation problems prevented the obtaining
of useful results.
All routine spectra were obtained at ambient temperatures.
Occasionally, temperatures were required below room temperature
For these studies the B-ST 100/700 variable temperature control
unit (+/- l o C) of the WP 60 instrument was used.
ii) S in-L ttice Relaxation Time Studies
19Some F T1 studies were performed on the WP-60
spectrometer. The Nicolet T1 Program II (developed by J. W.
Cooper) was used with a -(180 - -9 -DZ)-n pulse sequence.
ical fluorine n.m.r. parameters were used. 150-250 scans
were obtained for each of 10-15 values, with a D2
(equilibration) time of 12 seconds. pically, runs were 6-10
hours in length. Spectra corresponding to each value were
plotted in the form of a stacked plot (Figure 6) All work
was done at ambient temperature. Samples which were run us
internal lock were auto shimmed to prevent short term field
drifts. As slow field drifts could not be corrected, values
were sequenced in a random order to minimize the effect of
deshimming.
Kinetic studies were done by modi ing the T1 program to
undergo a -(0- -30-D )-n pulse sequence, and by placing a delay2
6i9 F N.M.R TIME RELAXATION STACKED PLOT FOR AN UNQUENCHED Pyr.BF C1 3 SYSTEM IN CDC1 3n -n
n.BFC1 2 D.BF 2Cl D.BF 3
I
~
-..J
I
lS.0[ J(
4. 0 r--r----------·
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1.6r ~ JJ
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time between each set of values.
iii) Pairwise Interaction N.M.R. Parameter Calculations
A pairwise interaction program for determining chemical
shifts and coupling constants was successfully run on Brock
University's Burroughs B7900 computer, using a least squares
fitting program written in 1972 by J. M. Miller. Modifications
were done by A. G. Basile in 1984 in order to use the Cande
computer terminals without the need for card decks. The program
and the output for the donors Pyr, 2-MePyr, Me 3 N and
quinuclidine can be found in Append-ix 1. Table 7 summarizes the
resulting calculated pairwise parameters for these amines.
D) Other Instrumentation
FAB-MS analyses were carried out on Brock Universi 's AEI
MS-30 (Kractos Ltd. Manchester 4K) mass spectrometer fitted with
a saddle field atom gun (Ion Tech Ltd) and a Kractos FAB source
with a rear entry probe. Submissions were ran by T. R. B.
Jones, J. Nye, C. L. MacLaurin or R. Th erge using standard
default settings, xenon gas, and glycerol as a matrix. Data
were stored and worked up on aDS-55 Kratos Data System.
Spectra and mass intensity data were plotted out on a
Hewlett-Packard 2631G printer Subtraction of peaks due to
glycerol was automatically done for all spectra except where
these peaks were of minimal intensi The BMASROS program,
written by D. Rosenburg and modified by D. Hoskins, J. M. Miller
and T. R. B. Jones to run on the Kratos, was utilized for
elucidation of isotope cluster patterns.
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TABLE 7
PAIRWISE SUBSTITUENT NMR PARAMETERS (19, AND 11 B) FOR
FOUR-COORDINATE BORON SPECIES (ANIONS, NEUTRAL AND CATIONS)
CHEMICAL SHIFT (PPM)
19 F llj3
SUBSTITUENT
n ~ .1,J
F,F
F,Cl
F,Br
Cl,Cl
Cl,Br
Cl,I
Br,Br
Br,I
1,1
Al,F
Al,Cl
Al,Br
A1,1
Al,Al
A2,F
A2,Cl
A2,Br
A2,I
A2,Al
A2,A2
A3,F
A3,Cl
A3,Br
A3,I
A3,Al
A3,A2
A3,A3
A4,F
A4,Cl
A4,Br
A4,I
A4,Al
A4,A2
A4,A3
A4,A4
-50.5
-36.4
-31.1
-31.4
-28.2
-26.3
-51.3
-47.5
-45.5
-51.2
-56.6
-50.6
-47.1
-55.2
-52.3 *
-55.9
-50.1
-47.0
-54.6
-51.3 *
-49.8 *
-49.1
-42.7
-40.0
-45.8
-47.5
-48.9
-44.5
-0.33
-1.04
0.46
1.27
-0.60
-5.85
-4.00
-12.04
-21.23
0.31
1.29
1.31
0.23
1.23
0.24
2.20
2.82
3.05
1.15
1.09
0.17
1.84
2.68
3.38
0.96
1.16
1.51
0.20
1.23
1.09
-1.42
1.66
1.83
2.31
2.38
COUPLING CONSTANT
J(11 B _19 F ) (Hz.)
-1.0
14.0
19.2
26.5
32.2
37.3
5.8
18.2
23.0
12.2
8.5
21.4
25.7
13.8
19.2 *
8.7
21.0
25.7
13.1
20.8 *
22.0 *
6.5
19.3
24.0
11.5
15.6
13.3
15.9
Ai = Pyridine
A3 Quinuclidine
A2 = Trimethylamine
A4 = 2-Picoline
* Only one n .. interaction was used to calculate
these paralndters
IR spectra were obtained on an Analect FX-6260 Fourier
Transform infrared spectrometer. Peaks characteristic of
adducts and cations could not be conclusively identified. It
was decided early in this research not to pursue IR studies.
Some viscosity measurements were done on 5mm n.m.r.
samples that had been used for Tl determinations. Since about
0.5 ml volumes were worked with, a special viscometer was
required. J. M. Vandenhoff assisted us by building a viscometer
of a small scale Ostwald type. Temperatures were maintained at
30°C by using the constant temperature hot oil bath mentioned
previously. The viscometer was washed with acetone, heated in a
drying oven, then purged with nitrogen gas between each use.
Figure 7 illustrates the effect of incremental quenching of an
O.8M Pyr.BF Br 3 system in CHC1 3 on the viscosin -n
solution.
of the
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FIGURE 7
VISCOSITY PLOT OF AN O.8M Pyr.BF
n
Br 3 _n SYSTEM IN CHC1 3
AT 30°C INCREMENTALLY QUENCHED WITH PYRIDINE (87,88)
o 80
Viscosity of
pure pyridine
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Main Sources of Error JII OF PYRIDINE
1. 12 days between sample preparation and viscosity measurement.
2. Volumes varied between 0.87 and 0.97 ml.
3. Densities were approximated by ratios between CHC13 and added
pyridine.
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CHAPTER 3
Cations
A) Introduction
The research aim for this thesis was first to follow up
earlier B.Sc. studies emphasizing ( N)2BF2+ cation formation
(42). Some aspects from this earlier work remained to be
clarified, and these additional studies are reported here. For
example, a more complete listing of R3 N difluoroboron cations
can be found in Table 8. Totally new aspects were undertaken as
an extension of this chapter's studies, and they are repor ed in
later chapters
B/ Results
i) (Quinuclidine) BF +
Quinuclidine was found to be one of the better ali tic
tertiary amines in forming difluoroboron cations (42,43) due to
its high base strength and low steric hindrance. Since no major
side reactions occurred in
this cation was used as the proto pe for the isolation of
r salts (p. 41); monitored by 19 F n.m. , and FAB-MS
(Chapter 6) Isolated Q2 BF 2 r salts have been found to be
stable in H20, EtOH, DMF, and CHC1 3 solvents.
As expec ed, the reactivi of Q.BF 2 I is about an order of
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Table 8
N.M.R. PARAMETERS OF BIS(TERTIARY AMINE)DIFLUOROBORON
CATIONS a : DD'BF +2
D D'
19
F
11
B
19
J ( F-
11
B) Ref:
(ppm.)b (ppm.)c (Hz.)
Quinuclidine Quinuclidine -161.5 1.49 39.5 42,43
Me 3 N -163.7 1.71 38.1 42,43
EtMe 2N -159.9 1.84 38.8 42,43
MeNEt 2 -155.2 1.92 40.5 43
Et 3 N -148.4 2.18 43.0 43
n-Pr 3N -149.3 2.10 42.3 42
$ MeNEtBz -154.1 41.6(2.0)
----------------------------- -----------------
Me 3N Me 3N -165.4 1.86 36.2 42,43
Me 2NEt -162.5 2 17 37.8
MeNEt 2 -157.6 2.27 40.2
Et 3 N -150.6 2.50 42.4
n-Pr 3 N -150.2 41.9 42
............... -_ .. ....... ... _ .. &III GIl ..................... ...... 11IIII _......
Me 2NEt Me 2NEt -158.9 2.26 39.3 43
MeNEt 2 -153.8 2.27 40.8
"d~ n-Pr 3N -147.0 1.74 42.2
-------------~----------- ------------------
(Table 8 continued on next page)
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Table a continued
PhMe 2N PhMe 2N -155.1 37.4 18
...... GIS .......
-- ---
- ...................
-- --
........... _- .. __ .. -- ....
MeEtBzN MeEtBzN -147.a d 2 4 42.6 18
a
b
c
All cations were obtained using CDCl 3 or CHCl 3 solvents
unless marked: * = bromoform $ = toluene
19 F chemical shifts accurate to +/- 0.1 ppm, and
internally referenced to C6 F 6 •
llB chemical shifts accurate to +/- 0.05 ppm, and
externally referenced to BF 3 OJ OEt Z-
d Chiral donor; meso and optically active isomers.
5-
magnitude greater than Q.BF 2 Br. The low yield of the Q.BF 2 I and
Q.BFI 2 made studies with these systems difficult. In addi ion,
lower concentrations are required as the iodine-containing
adducts are much less soluble. Neither of the mixed D.B I 3-n
adducts were actually observed in chloroform. Before quench
a poorly resolved Q.BF 3 peak was present indicative of fast
fluorine exchange. Once quenched, the high reactivity of Q.BF 2 I
+to form Q2 BF 2 made its peaks undetectable. In addition, the
quenching resolves the expected coupling pattern in Q.BF 3 • In
toluene, parameters for the mixed adducts were obtained (Table
9 ) •
Table
N.M.R. Parameters for Mixed Q.B
19 F*
9
1 3 (n=1,2) Systems in Toluene-n
J19 F_ll B
Q.BF 2 I
Q.BFI 2
-119.8 ppm.
-108.8
66.1 Hz.
114.3
* Internally referenced to Q.BF 3 at -163.2 ppm. from CFC1 3 8
Accepting the reactivity of D.B I 3 _n systems, it was hoped
that n.BFI 2 would react with excess quinuclidine to form Q2 BF
or Q3 BF
2
+. A broad singlet was in fact observed at -152 ppm.
It is not known at this' time whether the peak is our desired
cation, or an impuri The peak did not resolve when the
precipitate in the n.m.r tube was removed.
In attempts to make the formation of Q2BF 2 + more rapid from
Q.BF 2 Br systems, reagents were added to pull off the bromine.
The addition of solid Ag+Y- (Y=CN-,B ) did not precipitate
-5
AgBr, as all the tested silver salts are insoluble in our
solvents. Additions of AIBr 3 were also unsuccessful in forming
+D2 BF 2 ' but interesting developments occurred.
was found that halogen exc e occurred between AlBr 3 ,
Q.B r 3 _n adduc s, and the solvent. The net result was the
observation of mixed Q.B Cl r (a+b+c=3) adducts.
c
In
addition, the peaks of the mixed Q.BF 2 Br and Q.BF 2 Cl adducts and
Q.BF 3 were broad, indicative of fast exchange as determined by
fluorine and boron n.m.r. Cooling this sample down while
d k II 19 F · 1 d· · f thunerta 1ng a n.m.r. exper1ment resu e 1n narrow1ng 0 e
adduct peaks. The D.BF 2 C1 peaks sharpened much faster than the
e with the former speciesD.BF 2 Br peaks, indicating that exc
was less favourable. Upon quenching, these broad peaks
sharpened dramatically (see Figures 8 and 9). The participation
of the A1Br 3 as the source of this phenomena was confirmed by
27 A1 n m.r. which indicated the presence of A1C1 2 Br 2 and
A1C1Br 3 in addition to AlBr 4 (60).
broadening of peaks was also observed.
When water was added to some QB
In toluene solvent, the
r 3 -n systems, two broad
unidentified peaks at -147 and -140 ppm. and a B peak
appeared at the expense of Q.BF 2 Br (Figure 10). Though the B
peak was always small, the unknown peaks increased in intensi
with inc eased water addition. The reaction to form Q2 BF 2+ from
the remaining QBF 2 Br appeared to be unhindered despite all the
water present. This indicates that our systems are not as
sensitive to water contamination as we initially believed
FIGURE 8
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-58-
FIGURE 9
19F NMR SPECTRA OF Q BF
n
Br3 _n + A1Br 3 IN CDC1)
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FIGURE 10
19 +F NMR SPECTRA OF Q2BF 2 FORMATION IN THE PRESENCE OF H20
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-------
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-120.0 -130.0 -140.0
Chemical Shifts Relative to Crel 3
-150.0
-160.0
ppm
A factor of fiv dilution of a Q.B r 3 _n sample resul ed
in little difference in reaction rates, 19 F chemical shifts, or
coupling constants. One problem evident with the lower
concentrations was that peaks due to trace moist re contam-
ination had a greater intensi relative to the adduct peaks.
+Attempts to form Q2 BFBr from Q.BFBr 2 in CHCl 3 have been
unsuccessful Large excesses of quinuclidine, high temper
was obtained. After heat
atures, and/or changing the solvent to toluene or bromoform were
tried During one attempt (Figure 11), an interesting result
at 55 0 C for three days, it was
noted that some of the Q.BFBr 2 had converted to Q.BFClBr. In
addition, a Q.BF 2 Cl peak had appeared. As the Q.BF 2 Br peak had
+been converted to Q2 BF 2 prior to this, the Q.BF 2 Cl peak was
probably derived from a chloride anion from the CHCl 3 solvent
+attacking the Q2 BF 2 species.
ii) (Tertiary Amine) BF + Species
R3 N.BF Br 3 systemsn -n The remaining tertiary amine systems have
been heated, and had large excesses of quenching amine added to
no avail The D.BF 2Br peak slowly exc
chlorinated solvents to form n.BF 2 Cl.
es halogen with
In brominated or
intensi
non-halogena ed solvents, the D.BF 2Br peak does not change in
D.B 1 3 _n systems of the tertiary amines have no
been analysed in this thesis
The reversibli of cation formation was illustrated in a
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FIGURE 11
19 F NMR SPECTRA OF THE APPARENT CONVERSION OF Q2 BF 2+ TO Q.BF 2Cl
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-160.0
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reappeared.
Me 2NEt.B r 3 _n system. This system, with the completed
reaction of (Me2NEt)2BF2+ formation from Me 2NEt.BF 2Br, was
heated to 160 o C, evaporating most of the solvent and all excess
19Me 2NEt. Once fresh solvent was added, the F n.m.r. spectrum
indicated that the D2 BF 2+ peak had disappeared, and D.BF 2 Br had
In addition, the D.BFBr 2 peak had decreased in
intensity, and a new D.BFCIBr peak appeared. Once Me 2 NE was
reintroduced, D2 BF 2+ formation was observed again. The sequence
of the system~ reversibility can be observed in Figure 12.
In this and previous work, halogen exchange between
halogenated solvents and our mixed adduct systems has been
observed. In general, both D.BF 2 Br and D.BFBr 2 will exc e
bromine for chlorine in chlorinated solvents if cation formation
is unfavourable. The (diisopropyle lamine).B r 3 system is-n
unique. Immediately after it was quenched, about half of both
mixed adducts had already been converted to the chlorinated
analogue.
ions, and Competing Exchange Reactions
When a D.BF X3 system is quenched by a second unrelatedn -n
donor, D', more complicated systems occur In addition to the
possible displacement of halogen by the new donor,
donor-for-donor e e may occur. The result can be a system
with a mixture of cations and adducts involving both donors as
shown in Figure 13. In addition to D.BF 2 Cl forming by halogen
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FIGURE 12
NMR SEQUENCE ILLUSTRATING (~e2NEt)2BF2+ REVERSIBILITY
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exc e with the CDCl 3 solvent shown in this figure, the
quenching quinuclidine has managed to convert some n-P N.BF 2 Br
F e 19 From prev10us n.m.r. monitoring of this
system, D.BF 2 Br sharply decreased with time at the expense of
+ +DD BF 2 ,D 2BF 2 and trace D.BF 2Cl formation (42). Initial
attempts to reproduce this sequence in order to obtain more
points failed. This was attributed to wet quinuclidine,
After making freshdecomposing n-Pr 3 N.BF 3 , and/or wet solvent.
reagents the expected cations were obtained, but less halogen
exchange with the solvent or donor exchange was observed.
Halogen exchange between the heavier halogens of mixed
D.B 3 adducts and halogenated solvents is usually
-n
undesirable Consequently, attempts were done to find a more
suitable solvent that solved the problem of halogen exchange,
yet assisted cations to form at least as wel • Primarily,
halogenated solvents were tried due to the adduct solubili and
stability. Figures 14 and 15 illustrate the effect of c ing
a halogenated solvent on cation formation in a n-Pr 3 N/Q/BF Br 3n -n
system under identical condi ions at ambient temperature for 12
hours. Of these halogenated solvents, bromoform was the least
complicated and most advanced with respect to cation formation.
Note though that the D.BF 2Br peak in this solvent is partially
collapsed, indicative of fast halogen exc e or more efficient
l1 B quadrupole relaxation. pically though, reactions that do
not succeed in chloroform also do not succeed in bromoform.
Toluene was also studied as a possible alternative. Thou
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FIGURE 14
19 F NMR SPECTRA OF MIXED QUINUCLIOINE/n-Pr
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FIGURE 15
19 F NMR SPECTRA OF MIXED QUINUCLIDINE/n.Pr 3N.BF Br 3 SYSTEMSn -n
IN BROMINATED SOLVENTS AT RT FOR 12 HOURS
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solubilities were low and redistribution reactions were of lower
yield, cations did form. In a few systems precipitates formed.
These precipitates were redissolved in CHCl 3 , and were found to
be mainly fluoroboron cations. E imination of the solvent
placing D.B r 3 adduc s directly in quenching amines D'-n
(D'=Me 2NEt,MeNEt 2 ,Et 3 N), proved ineffective due to the extremely
low solubility of the adducts.
Attempts were made to actually induce halogen exchange. To
solutions containing Q.BF 2 Br and Et 3 N in CHCl 3 for example, I
was added. It was hoped that bromine-iodine exchange would
occur to obtain small quan ities of Q.BF 2 I, and this species
would react quickly with Et 3 N to form the mixed cation. Neither
the Q.BF 2 I adduct or the mixed cation were observed.
iv)
In non-fluorinated D.B 3 systems, the lack of-n
overlapping multiplets due to boron-fluorine coupling makes the
use of Brock s WP-60 n.m.r. 11spectrometer easier for B n.m.r.
studies. Distinct singlets relating to the various adducts are
clearly evident (see Appendix 5 for adduct n.m.r. ~arameters).
Another advantage is that halogen redistribution equilibria are
closer to statistical (p. 6). One problem though is that
solubilities, particularly in chloroform, are poor.
proved to have better solubili properties
The mixed D.BC
halide d placement
r 3 _n systems (D=Me 3 N,Q) were unreactive to
D. No adduct peaks changed in
intensi , and no new peaks were evident after 8 hours at 30 o C.
In contrast, D.Be I 3 _n systems (D=Me 3 N,Q) are promising The
11disappearance of the B D.BC1 2 I resonance was observed.
Instead of a new peak forming, the D.BC1 3 peak apparently
increased in intensi It was not until greater dispersion on
Guelph's 9.4 tesla spectrometer was obtained that it was
discovered that the uD.BC1 3
u peak was in fact two overlapping
peaks. The cation D2 BC1 2+ was indeed forming, but coincidently
has a similar chemical shift value as D.BC1 3 8 In addition, the
presence of a new small singlet was found.
apparently arises from the cation D2BC1I+:
This new singlet
this has been
supported by calculated pairwise interaction parameters
(Appendix 1). Interestingly, this new cation formed from
+
n.BClI 2 before all of the DeBC1 2 I was converted into D2 BCl 2
(Figure 16). No attempt was made to see if D3 BC1
2
+ formation
might be made to occur. N.m.r. parameters of non-fluorinated
bis(tertiary amine)haloboron cations can be found in Table 10.
+Q.BBr 3 was used in attempts to prepare QDBBr 2 species.
After ref1uxing in toluene with an excess of either quinuc1idine
or trime 111amine, no new peaks were observed in B spectra.
Only the Q.BBr 3 peak was present. Perhaps cations of type
QDBI 2 + can be obtained from Q.BI 3 "
C/ Discussion
i) Steric Effects
Quenching with a R3 N of low steric hindrance, D', can cause
NS 434
SH 10000
01 46000
----
LB 0.5
PW 30.0
FIGURE 16
liB NMR SPECTRUM OF A QUENCHED Me 3N.BCl 1 3 SYSTEMn -n
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Solvent CH2C1 2
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~
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n. BI 3
.. we" ,., .. ., I ... ..
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TABLE 10
l1 B CHEMICAL SHIFTS OF NON FLUORINE-CONTAINING BIS-
(TERTIARY AMINE)DIHALOBORON CATIONS: DD'BCl + and DD'BCII+2
DD'BCl + Cations2
Quinuclidine Quinuclidine 10.67 ppm.
DD'BCl
10.79
10.95
Cations
6.10 ppm.
Quinuclidine Quinuclidine 5.94
5.43
===========================================
a : liB chemical shifts referenced to external BF3 .OEt2.
displacement of a bulky D from D.BF 2X. One possibili
DD'BF 2+ initially forms by displacement of Br by D'.
is that
DD'BF +2
might then be unstable to attack by additional D, or by the
bromide anion. The more hindered D-B bond will be broken,
resulting in either D'2BF2+ or D'.BF 2 Br formation. The other
possiblity is that D' attacks D.BF 2Br, directly replacing the
hindered D instead of the bromide anion, forming the D.BF 2Br
species.
At first, it was thought that a tertiary amine with a
phenyl substituent (N,N dime laniline) should readily form
No cations were observed in the D.BF Br 3n -n
system for this amine. It appears that the stability gained by
delocalization of nitrogen's positive charge is offset by the
steric hindrance of the aromatic group about boron.
ii) N.M.R. Parameters of Bis(amine) fluoroboron Cations
Empirically, the 19 F and llB chemical shifts, and llB_19 F
coupling constants have been found not to be directly additive.
Even so, trends are observed in the sequence of Me 3 N through to
Et 3 N. With increased steric hindrance of ethyl groups, the
coupling constants become larger, and llB and 19 F chemical
shifts are both to lower field for R3 N.BF Br 3 (Appendix 5),n -n
+ +
and (R3N)2BF2 (Table 8). It is peculiar that the (Me3N)2BF2
ion is to high field of its D.BF 3 adduct, while all of the other
+tertiary amine D2 BF 2 species are to low field of their n.BF 3
adducts.
iii) Solvents
Solvent exc e appears to occur in systems in which
cation formation is less favourable. This indicates that there
is competition in quenched systems between solvent exc e and
cation formation. The more hindered donors cannot compete with
the nuc1eo i1ic C1 derived from chlorinated solvents. Thus,
halogen exchange occurs. The hindered tertiary amines might
also be inducing faster halogen exc Being more basic with
their added a1 1 chains (Table 2, p. 4), they might be better
at attacking the solvent, and displacing a chloride ion.
Solvent exc e has also been observed to occur just after
a system is quenched. Most notably was the case of N,N-
diisopropy1e 1amine Due to the steric effects of this donor,
it is possible that a three coordinate n.BF 2+ intermediate might
the breakform of the weak bromine-boron bond in D.BF 2 Br.
Under the conditions of excess BBr 3 , Br could be readily pulled
+
off, possibly forming D.BF 2 and BB In a few such systems,
11
a B n.m.r. peak due to BBr 4 was observed. The short term
existence of the three coordinate cation mi tallow C1 attack
to occur. Even upon quenching, this system should ideally have
However, this was not observed
broadened mixed adduct peaks due to the ionization:
+ -D.BF 2 + X
Toluene should ideally assist in cation formation, as
the precipitation of difluoroboron cations as they form is an
irreversible reaction that continuously limits the cation
concentration in solution. Unfortunately, cation formation in
this solvent does not succeed if minute quantities of water are
present, resulting in a limited number of successful reactions
Work at low concentrations in sealed n.m.r. tubes will alleviate
these problems. In addition, hi er temperatures can be
attained, and toluene should be inert since it has no halogens
to undergo exchange reactions with the adducts.
iv)
With the tertiary amines, two separate cases of apparent
cation reversibili were observed
system, the reforming of D.BF 2 Br after heating could only have
+occurred from the D2 BF 2 peak which had disappeared prior to
this. Evaporation of the excess quenching amine along with the
solvent at high temperatures, assists in the rapid establishment
of a new equilibrium position:
D + D.BF 2Br ~ D2BF 2+ + Br
This equilibrium would normally lie far to the right since a
large excess of D is added, and due to the stabili of the
ionic complex.
Isolated cations of tertiary amines have been found to be
stable to disproportionation to starting material at ambient
temperature in CHC1 3 and H2 0. It would be interesting to see if
It is possibleexcess heating results in D.BF 2X + D formation.
that some function of the mixed adduct/cation system assists in
the reversibili of cation formation.
The Q.B r 3 system did not give obvious evidence of-n
reversibili However, Q.BF 2Cl which appeared after heating at
55 0 C for 3 days could not be derived from Q.BF 2Br, since Q.BF 2Br
had already disappeared. This leaves the two possibilities of
Q.BF 3 and Q2 BF 2+ as the source of the chlorinated species The
Q.BF 3 adduct was found to be stable to disproportionation, even
upon refluxing in toluene Therefore, it appears that Q2 BF 2+ is
forming the Q.BF 2 Cl species by reaction with Cl from the
solvent. Unlike the other R3N's, quinuclidine is not as
volatile and was not driven off at this reaction temperature.
Therefore any Q.BF 2Br that reforms from Q2 BF 2+ will immediately
revert back to the cation, but when Q.BF 2 Cl forms, the reaction
of Q.BF 2 Cl with Q would be much slower. As a result, a build
up of Q.BF 2 Cl will occur un il equilibrium concentrations are
obtained.
The reversibili of Q2 BF 2+ rais~doubt on a previous study
of a Q.B Cl 3 _n system. It was recorded that 10% of Q.BF 2Cl
had reacted with Q to form Q2 BF 2+ after heating at 4S
o C for 30
days (42,43). If the mixed adduct and cation were at their
equilibrium concentrations, heating for an additional 30 days
would not have affected their ratios. Regardless, the fact that
Q BF 2 Cl reacts much slower than Q.BF 2 Br remains valid.
v) Reactivity of Non-Fluorinated Bis(amine) haloboron Cations
When studies were undertaken on non-fluorine-containing
systems, D.BCl r 3 was unreactive with respect to cation-n
formation. It was not until D.BC1 1 3 systems were analyzed wasn -n
there cation formation, with comparable reactivi to D.BF Br 3n -n
systems. How does one account for this reactivity difference?
When one replaces fluorine with chlorine, two factors work
against cation formation. Sterical1y, chlorine atoms are larger
than fluorine atoms, blocking nucleoph.ilic attack to the boron
nucleus (if reactions are SN2). Secondly, little Pi bonding
exists between boron and chlorine. One can argue that Pi
bonding between fluorine and boron, especially if there is a
three coordinate intermediate, assists in stabilization during
cation formation. Once one changes the bromine for iodine, a
highly reactive leaving group is obtained. Stabilization of an
intermediate would be less important, as preionization leading
to a three coordinate intermediate now would be favourable. The
abili of iodine-containing adducts of Me 3 N to form three
coordinate ionic complexes was noted by a few research groups
(89,90), but has since been questioned by Benton Jones et a1.
(29,91). parent1y though, D.BCl 2 ! complexes are usually
discriminated against in equilibrium D.BCl 1 3 mixtures, as then -n
single iodine-boron bond breaks so readily that Cl takes its
place. The above explanation of reactivity for iodine-
contain systems accounts for the smaller difference in
reactivi between D.BC1 2 1 and n.BClI 2 than between n.BF 2Br and
The reactions of non-fluorine containing cations have not
been studied. It would be interesting if cations of pe
This might result in the formation of cations of
DD'BCII+ will undergo further replacement of the second iodine.
pe DD'D"CI 2+.
For expanding the fluorine work, it would be most interesting
if an iodine could be replaced by a fluorine from D2 BX
Bis(ali tic tertiary amine)haloboron cations of type DD'BFX+
(X=Cl,Br,I) have not been observed.
vi) of Cation Fo tion
In general, identically prepared samples will yield the
same results for difluoroboron cation formation. However,
differences in reactivity can arise if some of the starting
material becomes wet, or decomposes. In addition, some
experiments required several days for cation formation to occur.
Without sealing the n.m.r. tubes under vacuum, there is a risk
of evaporation of sample, or the introduction of air through the
plastic n.m.r. cap and paraffin. Further kinetic studies must
be tackled under stringent inert-atmosphere conditions.
vii) Influence of Added C on Cation Formati n
To date nothing, other than excess R3 N, added to the mixed
D.BF X3 systems induces cation formation.n -n Insoluble silver
halides have been known to form mixed adducts with R3 N.BX 3 (92).
In addition, tetraal I ammonium halides have been known to form
mixed-halogen species with BX 4 (93) and Me 3 N.BI 3 (94). The
mechanisms for these exchange reactions are uncertain Perhaps
a soluble silver halide, AgY, will extract a halogen from
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D.BF 2 X, resulting in AgX precipitation, and a three coordinate
+D.BF 2 species. If the anion of the introduced silver halide is
a poor nucleophile and is sufficiently bu , it will not
some effect.
compete with excess donor, D I , in DD'BF 2 + formation.
Reactions of AlCl 3 with Me 3 N.BX 3 (X=F,Br,I) in CH 2 Cl 2 lead
to the formation of mixed D.BX Cl 3 adducts (2). Reactions ofn -n
AlCl 3 are similar to BCl 3 • Therefore, it is not surprising that
the addition of AlBr 3 to a D.BFn Br 3 _n system in CHCl 3 will cause
If reactions of AlBr 3 are similar to BBr 3 , one
might expect the proportion of bromine to fluorine in the
D.B r 3 -n adducts to increase. Instead, chlorinated adducts
are produced. In some manner, the Lewis acid AlBr 3 is attacking
the solvent extracting a chloride, and equilibrat with the
D.B r 3 _n adducts. As evidence of BBr 3 attacking CHCl 3 during
equilibration has been presented for N,N- diisopropyle lamine,
perhaps this a is similar reaction. If AlBr 3 is a stronger
Lewis acid than BBr 3 , then one can attribute its reactivi to
the ability to better extract a chloride from the halogenated
solvent.
With excess A1X 3 , 19 F and 11 B n.m.r. peaks of D.BF 2Cl,
D.BF 2 Br, and n.BF 3 were broadened while the remaining adducts
were not. This broaden is indicative of fast exc e on the
n.m.r. time scale. The adducts D.BF 2 X readily exchange X due
to the relative weakness of the B-X bond. The D.BF 3 peak was
broad due to exchange of D The partial Pi bonding of the three
fluorines weakens the D-B bond to the point where it can break
Though Br was being
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and reform in the presence of AIBr 3 8
pulled off, and AIBr C1 4 species were observed, no threen -n
11
coordinate boron species were evident by B n.m.r. If the
three coordinate complexes do form, their existence could be for
too short a time to be observed on the n.m.r. time scale.
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Cha ter 4
A) General
It had been previously reported that pyridines were more
reactive than tertiary amines as donors in displacing X from
+D.BF 2 X to form D2 BF 2 (42,43). The extent of this reactivity
was not fully appreciated at the time. In addition to the
formation of D2 BF 2+ from D.BF 2Br, as with aliphatic tertiary
amines (R 3 N), and D.BF 2 Cl, pyridines can displace one or more X
from other adducts such as D.BFX 2 and D.BX 3 (X=Cl,Br,I). Tables
11,12 and 13 list the many cations prepared in this work, that
involve pyridines and R3 N. These pyridine systems form cations
without complications, allowing for routine ll B and 19 F n.m.r.
analyses. 11 19J B- F values are still quite large, though not as
large as those of tertiary amines. This family is intermediate
in properties between cations of the tertiary amines and of
other highly reactive nitrogen containing systems such as
amidines (47), imines (47), and enamines (95).
B) Results
i) Bis
--....;;",.=.,..g".....--------------------
During the author's B.Sc. thesis work (42,43), preliminary
+studies under crude conditions gave Pyr 2 BF 2 from pyridine
itself and several subtituted pyridines. It took less than 20
TABLE 11
N.M.R. PARAMETERS of BIS(PYRIDINE) - and
-(PYRIDINE)(TERTIARY AMINE)DIFLUOROBORON CATIONS
D D' 19 F ll B J(19 F _ll B) Ref:
(ppm.)b (ppm.)c (Hz.)d
Pyr Pyr -155.6 1.68 22.9 42,43
2-Me r -147.5 2.09 25.4
2-E r -146.1 2.21 25.7
2,4-Me 2 r -147.7 1.96 25.8
inoline -146.4 2.59 25.1
3-Me r -155.8 1.74 23.8
3,5-Me 2 r -155.5 1.57 22.9
4-M r -155.7 1.70 21.6
4-P r -155.9 1.67 22.7
N-MePiperidine -162.7 27.9
Quinuclidine -161.5 1.65 28.5 42,43
Me 3N -162.5 1.99 28.5 42
Me 2 NE -160.4 29.7
Et 3 N -150.4 33.0
- IllS ...........
-----------------
........... lIB
2-MePyr 2-Me r -142.3 2.36 28 8 42
2-E r -141.1 2.58 28.0
2,4-Me 2 r 142.7 2.28 28.1
3-Me r -147.4 2.13 26.6
3,5-Me 2 r -147.3 1.96 25.8
Table 11 Con inued on next page
TABLE 11 Continued
2-Me r 4-MePyr -147.8 1.96 25.3
Quinuclidine -151.8 2.36 30.3 42
Me 3N -152.8 (2.4)e 31.2 42
EtMe 2N 150.5 2.55 30.6 42
Quinuclidine -151.9
3-Me r
4 .... MePyr
2-EtPyr 2-E r -139.2
-146.1
-146.2
2.70
2.18
2.35
28.2
26 7
25.1
30.5
2,4-Me r 2,4-Me 2Pyr -142.8 2.24 28.4 42
3,5-Me r -147.4 1.92 26.0
4 .... Me r -148.1 1.91 25.1
Quinuclidine -151.8 2.18 29.7 42
Me 3 N =153.7 (2.4) 30.3 42
EtMe 2N -151.1 30.7 42
......... .. .............. ..................
-
.. lID .. as .. em ... ..... .-
- --
3 MePyr 3-MePyr -155.5 1.72 22.5
4-MePyr -155.9 22.9
3,5-Me r 3,5-Me 2Pyr -155.1 1.55 22 3
4 M r -155.9 1.52 22.9
Quinuclidine -161.1 1.53 28 8
Me 3N -162.5 1.96 28.5
Table 11 Continued on next page
42
42
42
TABLE 11 Continued
4-M r 4-MePyr -156.2 1.74 23.5
Me 3 N -163.0 1.88 28 6
Me 2 NEt -160.9 29.3
Quinuclidine -162.3 1.60 28.3
42
42
42
inuclidine 4 ... r -161.7 1.67 29.7
Quinoline -150.1 29.7
a
b
c
d
e
All cations were obtained using CDC1 3 or CHCl 3 solvents.
19 F chemical shifts accurate to +/- 0.1 ppm., and
internally referenced to F 6 (-162.7 ppm. from CFC1 3 ).
liB chemical shifts accurate to +/- 0.05 ppm., and
externally referenced toBF3 _OEt2 -
All coupling constants are accurate to +/ ... 1.0 hertz.
Bracketed numbers indicate less accurate results.
TABLE 12
N.M.R. PARAMETERS of BIS(PYRIDINE) - and
(PYRIDINE)(TERTIARY AM NE)MONOFLUOROBORON CATIONS a
1 Bc J(19 F .... ll B)d
4.94 58.1
D
Pyr
2-MePyr
Chart of DD'BFB
Pyr
2-Me r
2-EtPyr
2,4-Me 2Pyr
3-MePyr
3,5-Me 2 r
Quinoline
N-MePiperidine
Me 2NEt
Quinuclidine
2-MePyr
3-MePyr
4-MePyr
2,4-Me 2Pyr
3,5-Me 2Pyr
Quinuclidine
Cations
19 Fb
-142.4
.... 129.4
-128.3
-141.8
.... 140.0
.... 128.4
.... 148.3
-145.7
.... 147.3
.... 147.8
-125.0
-129.8
-129.9
-126.2
.... 129.9
5.22
5.19
4.99
4.85
6.66
6.43
6.04
6.24
5.94
5.34
5.09
5.84
5.19
7.28
62.1
62.1
61.5
55.6
59.3
61.6
62.4
64.2
60 3
62.3
63.6
61.7
61.9
62.5
61.8
61.1
4-Me r
2,4-Me 2 r
3,5-Me 2Pyr
TABLE 12
5.04
5.74
-130.2 5.37
Continued on next page
61.3
66 (2.)
62.2
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TABLE Continued
3-MePyr 3-MePyr
4-MePyr
Quinuclidine
4-MePyr
3,5-Me 2Pyr
-141.3
-142.1
-141.8
-140.0
4.99
6.01
4.73
4.87
56.2
58.8
61.1
56.5
58.3
4-MePyr 2-E r -128.3 5.19 62.9
4-MePyr -142.4 4.84 57.2
Me 3N -148.5 6.10 62.2
Quinuclidine -148.0 59.2
Me 2NEt -146.1 63.5
Chart of DD'BFC1+ Cations
D
Pyr
3-MePyr
4-MePyr
D'
Pyr
Quinuclidine
3-MePyr
4-MePyr
Me 3 N
Quinuclidine
19 Fb
-146.9
-152.9
-146.4
-147.4
-155.1
-153.5
6.23
6.14
5.94
6.60
6.31
47.8
52.0
47.9
48.0
50.6
51.8
TABLE 12 Continued on next page
TABLE
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Continued
D
Chart of DD'2BF2+ Cations
D' 19 Fb ll Bc J(19 F_ll B)d
r
2-Me r
3-MePyr
4-Me r
r
3-MePyr
Pyr
3-MePyr
4-MePyr
-152.7
-153.6
-137.5
-153.8
.... 155.1
4.64
4.57
4.52
4.42
37.6
36.9
33.7
36.9
36.9
a
b
c
d
All cations were obtained using CDCl 3 or CHCl 3 solvents.
19 F chemical shifts accurate to +/- 0.1 ppm., and
internally referenced to C6 F 6 (-162.7 ppm. from CFCI 3 ).
llB chemical shifts accurate to +/- 0.05 ppm, and
externally referenced to BF3 _OEt 2 -
All coupling constants are accurate to +/- 1.0 hertz
unless otherwise noted.
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TABLE
ll B NMR CHEMICAL SHIFTS a of NON-FLUORINATED BIS(PYRIDINE) -
and (PYRIDINE)(TERTIARY AMINE)HALOBORON CATIONS in CHC1 3
Chart of DD'BBr z+ Cations
r Pyr 2.61 ppm.
3- r 2.60
3-Me r 3-MePyr 2.55
4-MePyr 4-MePyr 2.35
3-MePyr 2.31
Chart of DD'BCL Z+ Cations
Pyr
2-MePyr
r 8.40 ppm.
9.94
9.76
Chart of DD'BCLI+ Cations
Pyr Pyr
Q
-2.17 ppm.
1.68
Chart of DD'BI Z+ Cations
r
4-Mepyr
r
Chart of
4-Mepyr
-20.24 ppm.
B3+ Cations
6.25 ppm.
=============================================
a: ll B chemical shifts relative to external BF 3 .OEt Z•
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minutes at ambient temperature for complete formation of
In fact, this was really the time
between preparing the sample and analysing it on the n.m.r
spectrometer. More recently, almost-instantaneous quenching
with excess pyridine and monitoring of a pyridine system results
observed, but no D.BF 2 Br. A D.B 1 3 system-n
has since been analyzed to more fully explore pyridine's
reactivity. +It was found that complete Pyr 2 BF 2 formation from
Pyr.BF 2 Cl required only 0.1 to 1 hour at ambient temperature.
The faster rates were incurred with a larger excess of pyridine.
As with the tertiary amine systems, the D.BF 2 X adduct is the
most reactive adduct. No work was done with Pyr.BF 1 3n -n
systems.
Reactions with 4-pico1ine (4-MePyr), 4-phenylpyridine
(4-PhPyr), 3-pico1ine (3-MePyr) and pyridine were similar in the
+
rate of formation of D2 BF 2 •
In addition, the llB and 19 F
n.m.r. parameters of their cations and adducts (Appendix 5) were
almost identical. Even the use a powerful 4 7 tes1a magnet did
not separate the individual 19 F n.m.r. quartets for the two
dif1uoroboron cations in a (Pyr)(4-PhPyr)B
17), though overlap was lessened.
1 3 system (Figure-n
Reactions with 2-picoline (2-MePyr) were very similar to
those of tertiary amines. The steric effect of the me 1 group
sufficiently bloc the nitrogen from acting as a nucleophi1e as
efficiently as pyridine. Consequently, the attack of 2-picoline
on 2-MePyr.BF 2 Br was not as rapid as with pyridine, but instead
FIGURE 17
19 F NMR SPECTRA OF A Pyr/4-PhPyr.BF C1 3 SYSTEM ONn -n
THE WP-60 AND CXP-200 SPECTROMETERS
1
D' BF +
2 2
DD'BF +
2
n.BF 3
n.BF 3
i I
DD'BF +
2
I til
D' BF +
2 2
A\
, ,_ ....J.--__....-..-:._-A----- -"'-__,
-130.0 -140.0
Chemical Shifts Relative to CFC1 3
-150.0 ppm
required one to two hours.
The difference in reactivi between 2-picoline and
pyridine is extented to 2,6-lutidine (2,6-Me 2 Pyr) and
2,4,6-collidine (2,4,6-Me 3Pyr). Although D.BF X3 species aren -n
formed, the latter two pyridines do not form bis(pyridine)-
difluoroboron cation with themselves, or with any other
pyridine. In fact, most quenched D.BF X3 systems containingn -n
these pyridines result in coagulation of the solvent.
A Pyr.BF Br 3 system was incrementally quenched withn -n
pyridine as illustrated in Figure 18.
formation is observed before all the free boron trihalide is
quenched. Once fully quenched and an excess amount of pyridine
added, attack on D.BF 2 Br by pyridine occurs in the manner that
one expects.
Two attempts to form D2 BF 2+ cations by disproportionation
of Pyr.BF 3 and 2-MePyr.BF 3 in the absence of a heavier boron
trihalide were unsuccessful. 19The F n.m.r. spectra of these
adducts did not change after refluxing in toluene for 15
minutes. The addition of 1,1,1,3,3,3 hexame ldisilazane was
also tried in an attempt to extract F as HF irreversibly from
D.BF 3 (96). After refluxing for 15 minutes in toluene, some F
was pulled off these adducts with the formation of Me 3 Si
but no boron cations were observed by 19 F However, the
resonances of both D.BF 3 adducts were broadened. In
addition, more fluorine was removed from the 2-picoline adduct
than that of the pyridine adduct.
FIGURE 18 19 -91-F N.M.R. SPECTRA ILLUSTRATING INCREMENTAL
QUENCHING OF O.8M Pyr.BF Dr 3 WITH PYRIDINEn .-n
(Ambient Temperature for 12 hours)
neBF 3
AI Unquenched: 0 ul Pyridine
B/ Unquenched: 10 ul Pyridine
C/ Unquenched: 20 ul Pyridine
._~-,J\
Chemical Shifts Relative to ere1 3
-110.0
-130.0 -150.0
"ppm
-92-
FIGURE 18 (Continued)
Note: Fully quenched after 27 ul Pyridine added
O.BF 3
DI Quenched: 30 ul Pyridine
EI Quenched: 50 u1 Pyridine
FI Quench.d: 100 u1 Pyridine
~---...............--------------''-----'"''
-150.0
ppmChemical Shifts Relative to eFe1 3
----i--.--__--.a..------..-....1... --J,.,J. _ _-4...&._,
-110.0 -130.0
ii) Bis- and Tris
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Cations
overlooked.
The formation of monofluoroboron cations was initially
Previously, Q.BFBr 2 was known to be unreactive to
amine substitution, and instead formed Q.BFC1 2 after a long
period of heating in a halogenated solvent (42) The
19disappearance of the Pyr.BFBr 2 F quartet and the appearance of
. 11 19
a new 1:1:1:1 quartet w1th a J B- F of about 50 Hz. was
thought to be due to the same reaction. It was not init~ally
realized that the chemical shift and J values were inconsistent
Once this error was discovered, the identity of
the new species was in question. Was one halogen or two being
displaced, to form D2 BFX+ or D3 BF
2
+ Equations 19,20, p. 39)
11The B n.m.r. of these samples indicated a doublet, which is
what one would expect in either case. Further studies involving
mixed-pyridine.BF Br 3 systems resulted in the n.m.r. peaks ofn -n
three new monofluoroboron species for two pyridines. If in fact
+D2 BFX were forming, then a new set of parameters would be
+
obtained if D attacks D.BFC1 2 and forms D2 BFCl. As illustrated
in Figure 19 with the formation of pyr 2BFCl+, this is the case.
Additional heating of a D2 BFBr+ cation resulted in its
disappearance, corresponding to the appearance of a new 1:1:1:1
quartet. This ideally would be the conversion of D2 BFB to
D3 BF
2
+, by the displacement of one more bromine (Figure 18). In
order to confirm this, this cation would also have to be
obtained from a D2 BFCl+-containing system (Equation 22). Plen
FIGURE 19
19 F NMR SEQUENCE ILLUSTRATING (pyr)2 BFC1 + FORMATION
+AND (Pyr)2BF2 REVERSIBILITY
AI Immediately after
preparation
BI 4°C for 13 hours D.BF 3
oC! 40 C for 13 days
970
38JO
70()O
0.5
1.6
Internal
ppt.
__, ,~,-JlL.1 -IL.-.. _
Chemical Shifts Relative to ere1 3
.... 120.0
-130.0 -140.0 -150.0 -160.0
ppm
of heat was added to a r 2BFCl+ system with the result of
conversion of about 5% of r 2BFCl+ to pyr 3BF
2
+ having the same
19 2+F n.m.r. parameters as in the Pyr 2 BFB to Pyr 3 BF
conversion.
D.BFBr 2
D.BFCI
D2 BFB
-.--..... D
2
BFCl +
• •• 22
The use of 19 F spin-lattice relaxation time studies in
these systems assisted in the confirmation of these mono-
fluoroboron cations. As can be seen in Table 14, the pyridine
cations have much shorter T1
t s than the pyridine adducts. All
three es of the proposed D2BFX+ cation (X=F,Cl,Br) have
2+
similar T1 values. However, the D3 BF species has a sig-
nificantly shorter T1 As the number of donor molecules goes up
(and correspondingly the positive charge), the
substantially.
's decrease
iii)
The reactivity of pyridine in the formation of tetrahedral
haloborate cations also was observed in non-fluorine-contain
systems.
identified
+ +(Pyr)2BC12 and (Pyr)2BClBr were formed and
11 B n.m.r. upon quenching a Pyr.BCl r 3 _n system
with excess pyridine. The rate of cation formation in this
system was comparable to the Pyr.B Cl 3 n system, and again the
heavier halogen was displaced from boron. As expected, the
r.Bel 1 3 system was an order of magnitude faster, formn -n
(pyr)2BCl2+ and (pyr)2BCl1+ almost instantaneously upon
-96-
TABLE 14
S in-Lattice Relaxation Times of ridine Adducts and Cations a
Partially Quenched
D.BF 3 3.03 (0.10) D.BF 3 2.43 (0.12)
D.BF 2 Br 2.05 (0.09) D.BF 2Cl 2.02 (0.12)
D.BFBr 2 1.57 (0.03) n.BFCl 2 1.67 (0.05)
D2BF 2
+ 0.61 (0.01)
-------------------------------------------
.................
Excess ridine
D.BF 3 1.38 (0.13) D.BF 3 1.85 (0.04)
D2BF 2
+ 0.32 (0.01) D2BF 2
+ 0.31 (0.01)
D2BFBr
+ 0.30 (0.07) D2 BFC1+ 0.31 (0.01)
D BF 2+ 0.17 (0.03)3
a: 's in seconds. Program listing in Appendix 2.
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quenching at ambient temperature. Before the system was
quenched, peaks were observed in the region 10-50 ppm in the llB
n.m.r. spectrum, corresponding to three-coordinate species. All
but two of the three- coordinate species have been identified
(Figure 20). With incremental quenching, all three-coordinate
peaks disappeared. A peak at 5.9 ppm. in the quenched spectrum
might be due to Pyr 3 BC
+ As precipitation was evident in all
samples, relative intensities of the various species can not be
fully interpreted.
While samples in a few Pyr.BF Br 3 systems were beingn -n
heated at 60 0 C for extended periods of time to produce D2 BFB
and D3 BF
2
+ ions, a new singlet was observed by llB n.m.r. to
form at about 2.5 ppm, increasing in intensity at the expense of
This suggests that pyridine is attacking D.BBr 3 and
+displacing a bromine to form D2 BBr 2 • Pairwise interaction
+parameters confirmed that the of D2 BBr 2 would be located at
the position this new singlet was found.
3+Previous researchers (97,98) prepared (4-MePyr)4B by
refluxing Me 3N.BBr 3 in toluene with an excess of 4-picoline. No
n.m.r. data were given on this species. This cation synthesis
was reproduced in our laboratory by D. J. Hastings. Although
11the solubility of the product was poor in CHC1 3 , a B n.m.r.
· 1 b d 6 2 ll B ··· ·s1ng et was 0 serve at • ppm. pa1rw1se 1nteract1on
parameters of pyridine (Table 7, p. 49) were used to calculate
the llB chemical shift of (pyr)4B3+ as 7.4 ppm. As n.m.r.
parameters of 4-picoline are similar to those of pyridine, this
-98-
FIGUR.E 20
11 B N.M.R. SPECTRA OF A Pyr.BCl 1 3> n -n
. (61)
SYSTEM IN CH 2C1 2
~recipitates in all samples)
No Quenching
Partially Quenched
NS 5(35
46:)00
LI3 o. 5
Lock !I. one
Sol v'.:nt
10 t:J
60.0 40.0 20.0 0.0 -20.0
Chemical Shifts Relative to BF 3 Et 02
,. i ... A..
-40.0
p'& .U _""
-60.0
ppm
-99-
FIG
Fully Quenched
~o excess pyridin
Excess Pyridine
1
Solvent
pp t '" .. ._._l.._o_._t8
60.0 40.0 .0 0.0 -20.0
Chemical Shifts Relative to BFLsEt
-40.0 .... 60.0
ppm
is reasonable agreement, and illustrates the usefulness of
pairwise parameters.
iv)
The formation of difluoroboron cations DD'BF 2+ between a
pyridine and R3 N as donors occurs readily.
cases, quenching with modest amount of pyridine resulted in the
formation of mixed cations for R3 N = Q, Me 3 N, Me 2NEt, and Et 3 N
+in addition to r 2 BF 2 • The quenching of MeNEt 2 oBFn Br 3 _n by
pyridine possibly resulted in DD'BF 2+ overlapping the 19 F n.m.r.
quartet of the ( r)2BF2+ cation. The formation of DD'BF 2+
cations appeared to occur at a much slower rate when pyridine
quenched tertiary amine systems than the reverse under identical
conditions.
In tertiary amine systems, the D.BFX 2 species was inert to
cation formation in the presence of excess D. In the presence
However, no
of pyridine as D', these species are no longer inert.
can displace X from D.BFX 2 to form DD'BFX+ ions.
Pyridine
DD'2BF2+ formation has been observed between pyridines and R3N.
Tertiary amines can also displace X from Pyr.BFX 2 $ Sur-
prising1y, this reaction actually occurs at a faster rate than
the pyridine displacement of X •
DD'BFBr+ cation formation between pyridine and Me 3N, Me 2NEt
and quinuc1idine have been observed.
systems were not studied further after the initial analysis, and
it is not yet known whether DD'BFB cations form with these
amines.
In Pyr.BF C1 3 systems, differences in reactivin -n of the
tertiary amines was observed. Of Me 3 N, Me 2 NEt and quinuclidine,
only quenching with quinuclidine forms the ( r)D'BFCl+ species
from r.BFC1 2 under our experimental conditions (p. 36). Mixed
+( r)(R 3 N)BF 2 cations were obtained from Pyr.BF 2 Cl for these
three tertiary amines.
In some r.BF X3 systems quenched by a tertiary amine,n -n
The liberated
fluoroboron cations might appear that contain only the pyridine.
It has been observed that a higher abundance of pyridine
fluoroboron cations occurs at the expense of Pyr.BF 3 - As one
increases the concentration of the quenching amine (D'), it
displaces D from Pyr.BF 3 , forming D' .BF 3 $
pyridine then displaces a halogen from n.BF 2X or D.BFX 2 • This
attack can be made sufficiently fast to be comparable to a
system that initially had only pyridine in it. In addition, the
liberated pyridine can displace a D' from a mixed cation. As a
result, no mixed cations might be observed if too much quenching
amine is added. This is a critical point, as many of our
earlier attempts to form difficult-to-prepare cations have
involved the addition of a large excess of quench amine.
The rates of QD'BF 2+ formation were measured for the attack
of equimolar amounts of various pyridines as D' on Q.BF 2 Br.
Comparisons were made monitoring the formation of QD'BF 2 +
from Q.BF 2 Br, by follow relative 19 F n m.r. peak areas. The
following reaction rates were observed:
4-M r > 3-MePyr , r > 4- r » 2-MePyr > 2-E r •
This sequencing order is outside the error limits of the
integration (+/- 5%) and errors encountered during sample
preparation. This ordering is similar to the displacement of a
chloride from Pyr.BF 2 Cl by pyridines (Pyr') to give
+Pyr(Pyr')BF 2 :
3-MePyr > Pyr > 4-MePyr > 2-MePyr , 4-PhPyr •
Most notable is the anomalous placement of 4-phenylpyridine with
respect to 2-picoline. In order to determine whether this
'discrepancy' was due to a halide leaving group affect or the
attached donor, displacement of chloride from Q.BF 2 Cl was tried.
However, no mixed cations were obtained.
C/ Discussion
i) Reactivity of Pyr.B systems
a) Pyr.B systems before addition of excess donor
The formation of pyr 2 BF 2+ in a Pyr.BFn Br 3 _n system before
complete quenching was unexpected. Acids (BX 3 ) and bases (D)
react exothermally to form adducts; the release in energy being
a strong driving force for the reaction. In the case of
+pyridine, the formation of D2 BF 2 from D.BF 2 Br appears to be
competitive to the complexing of BX 3 with D The driving force
+to form D2 BF 2 cations seems to arise from the greater
stabilization of the ionic complex D2 BF 2+Br- over the adduct
D.BF 2 Br and D, unless cation formation occurs irreversibly
during local quenching with pyridine.
The second interesting unquenched system was that of
Pyr.BCl 1 3 •n -n The identified three-coordinate BCl 1 3 speciesn -n
in addition to BCl 4-n ions could occur by D-B bond breaking
and halogen exchange. However, there were two unidentified
three-coordinate boron peaks. Perhaps these peaks are due to
+ + +D.BI 2 ,D.BICl and/or D.BCl 2 • Further work, including FAB-MS
analysis, on such systems would be useful. These cations, if
Upon quenching, intermediates of this type,
reactive pyridine
they are present, might be intermediates between the adducts and
D2 BX 2 + species.
being Lewis acids, would not be observed with an excess of
e mechanism for D2 BX 2+ formation
in Pyr.BX 1 3 systems seems highly likely in light of the weakn -n
iodine-boron bonds.
b) Quenched Pyr.B Systems
Pyridine cations form much more favourably than
corresponding R3 N cations. One can attribute this to pyridine's
significantly lower steric hindrance and hence easier
nucleophilic attack on boron. Secondly, once attached to boron,
steric interactions between pyridines and other substituents are
less. Consequently, boron cations with three or four pyridines
are known, while cations with more than two R3 N groups have not
yet been detected, and might be too unstable to form regardless
of the method of preparation, due to unfavourable steric
interactions.
+It appears that (Pyr)(R 3 N)BF 2 ions form faster when the
tertiary amine is doing the quench We stated (42,43) that
steric hindrance is the primary factor dictating cation
formation. ridine displaces X from Pyr.BF 2X much faster than
Perhaps though, pyridine-containing BF X3 adduc sn -n
are much less stable than R3 N.BF X3 species.n -n One possib1i
is that the B-X bond in r.BF X3 speciesn -n weaker than in
As a result, leaving groups are easier to displace
from pyridine adducts than from corresponding R3 N adducts
c)
+One example of D2 BF 2 reverting back to D.BF 2X + D was
observed for a r.B 13 _n system by 19 F n.m.r. (Figure 19).
oAfter heating for 13 days at 40 C in a capped n.m.r. tube, most
of the pyridine was driven out of the sample solution. D.BF 2 C1
+was then observed to have formed at the expense of D2BF 2 • As
+the heated sample also had D2BFC1 present, an intermediate
spectrum between the spectra in Figure 19b and 19c mi t
indicate the relative thermal stabili
with respect to the adducts from which they were derived. This
should be followed up in future studies.
d) Electronic Effects
Trends of pyridine's nuc1eophi1ici seem to indicate that
electron donating substituents assist in the rate of cation
formation, as long as steric hindrance is similar. Previous
workers have shown that the Bronsted basici in pyridines is
transferred through sigma effects; with groups in the 2-position
making nitrogen more basic than those in the 3,4-positions (99).
This ordering of basicity is also reflected in the same ordering
of donor-acceptor bond strengths. The trends for displacement
of bromine from Q.BF 2Br to form QDBF 2+ species are very
pronounced. Problems arise when C1 is displaced from
r.B l3_n systems by pyridines (Pyre). In addition to
(pyr)( r')BF 2+ formation, pyr2 BF 2+ and (pyr')2BF2+ formation
might be occurring. 19In fact, there is insufficient F n.m.r.
+dispersion of the Pyr 2 BF 2 peaks of all pyridines with no
2-a1kyl groups to determine which of the difluoroboron cations
has been formed. It is hi ly possible that the more basic
pyridines are displacing pyridine from Pyr.BF X3 species,n -n
followed by attack of pyridine itself on
pyr 2 BF 2+, or attack by the quenching donor on Pyr'.BF 2X to form
, +
r 2BF2. Either of these reactions to form symmetric cations
will affect the apparent attacking rate.
+A summary of the chemical shifts of (pyr)2BF2 species, and
the basicity of the pyridine donors, can be found in Table 15.
One notes that there is a significant n.m.r. dependence on
steric effects (ie. whether there is an al a substituent).
However, no noticeable trends can be found when comparing small
changes in n.m.r parameters to values
ii) Pairwise Interaction Parameters
Previous usage of pairwise interaction parameters on
TABLE 15
+Comparison of the Chemical Shifts of (Pyr)2BF2 Species
a) 19 F chemical shifts relative to CFC1 3 8
b) llB chemical shifts relative to BF 3 eOEt 2 8
c) , s in aqueous solution, reference (16 ) •b
tetrahaloborate anions and boron trihalide adducts (68,100)
involved halogen-halogen and halogen-donor interactions (p. 21).
A new pairwise interaction parameter involving amine-amine
interaction had to be determined for tetrahedral haloboron
cations These pairwise parameters have a two-fold purpose.
The calculated values help to confirm the identity of newly
discovered species, and check n.m.r. parameters. Secondly,
close agreement with the observed values.
these parameters can be used to make predictions for the n.m.r.
parameters of species not as yet found or characterized (Table
16).
As shown in Appendix 1, n.m.r. parameters of tetrahedral
boron species calculated with the pairwise parameters are in
In contrast to 19 F
nQ,Q where only one Q2 BF 2+ species is known, the 19 F
pairwise parameter has been overdetermined due to the
yr,pyr
species. The errors associated with n .. 's for these cations are1J
comparable to the errors in n .. 's for the anions and mixed
1J
adducts that were also included in the data set. This is
reasonable, since all these boron-containing comp~nds have
identical sp3 bonding, and a formal negative charge on the
boron. This pairwise program does not conclusively prove the
identi of these cations, but supplements other evidence for
their existence.
iii) 19 F S in-Lattice Relaxation Times
As an auxiliary method for identifying tetrahedral boron
TABLE 16
Calculated N.M.R. Parameters For Some Typical
Tetrahedral Boron Cations Not Yet Observed a
Species 19 F(ppm.) 1 19 11B(ppm.) J F- B(Hz)
B3+r 4
2+
r 3BBr
2+Pyr 3 BCl
2+Q2PyrBF -159.0
Q2 rBBr
2+
2+(2-MePyr)3BF -133.5
2+Pyr(2-MePyr)2BF -136.1
2+
r 2 (2-MePyr)BF -142.8
2+(2-MePyr)3 BCl
2+(2-Me r)3BBr
Q2BFB -143.8
Q2BFC1+ -150.0
Q BF 2+ -149.43
7.4
7.3
7.6
4.1
10.1
7 • 7
8 5
5.3
10.8
10.4
7 • 7
5.5
5.0
48.2
47.7
38.9
35.2
73.4
64.0
66.0
a : Calculated us Table 7's n.m.r. pairwise substituent
parameters, and Equations 13,14, and 15 (p. 23).
cations, a few T1 studies were performed (p. 46) The addition
decrease dramatically (Figure 21).
of donor to an unsaturated r.B r 3 _n system causes Tl s to
The decrease in T l is
proportional to an increase in viscosi , as plot ed in Figure 7
(p. 51). The c e in viscosi is a good indication that the
tumbling motion of the molecules is decreas upon quench
Of course other factors such as basici changes and dielectric
constant are important.
viscosi
The dependence of T l 's on the solution
shows the importance of setting standard conditions
for T l comparisons The best comparisons are those done among
species in the same sample during one T l analysis.
Our T l studies of D BFn X3 _n and fluoroboron cations, D2 B
and D BF 2+ illustrate the effect of molecular rotation rates3 ' on
The T i 's of Pyr.BFn X3 _n adducts decrease sequentially as
the number of heavier halogens is increased. The larger
halogens slows molecular rotation rates due 0 their steric
hindrance, and their moment of inertia effect about the
boron-donor bond. s for bis(pyridine)fluoroboron cations are
much shorter than for the neutral boron trihalide adducts. With
two pyridine donors in D2BFX+ species, molecular rotation is
appreciably restricted. The pyridines stick out into the
surrounding solvent cage, hindering otation about both D-B
bonds. Minimal T i difference was observed between the cations
in the sequence D2BF 2+, D2BFCl+ and D2BFB D3 BF
2+ species are
further restricted in their rotation, as evident from their even
4.0
3.0
2.0
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FIGURE 21
19 F T1 's OF AN O.8M,Pyr.BF Br 3 SYSTEM IN CHC1 311 -n
n.BF 3
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+
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•
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CHAPTER 5
HALOGEN DISPLACEMENT FROM D.BF
AI General
r)
In chapters 3 and 4, investigations of mixed amine
difluoroboron cations are described. However, donor displace-
ment of halogen need not always be restricted to amine donors.
As an extention to our difluoroboron cation work, amine.BF X3n -n
systems were quenched by non-amine donors. Both neutral and
cationic species resulted, as shown in Tables 17 and 18.
Studies with these systems were limited in comparison to R3 N and
pyridine difluoroboron cation syntheses.
BI Results and Discussion
i) Difluoroboron Cations
a) Donors
The majority of the mixed dono DD'BF + species described2
in this chapter involve oxygen donors. In addition to O-donors
being readily available in our laboratory, most were highly
reactive in difluoroboron cation formation (Figure 22). As
+shown in Appendix 4, many D2 BF 2 species of O-donors have
previously been characterized by n.m.r. A few of these
difluoroboron cations formed by disproportionation of D.BF 3 to
give D2BF 2 F 4 (47,48). Most of the n.m.r. parameters listed
f 1 · k · d· JllB 19 F f · 1rom ear 1er wor 1n 1cate a - 0 approx1mate y zero
TABLE 17
CATIONS a : DD'BF +2
D n'
19
F
11
B
19
J ( F-
11
B)
Quinuclidine TMU
MeBenzoate
DMAC
DMSO
HMPA
b(ppm.)
-156.0
-160.5
-156.8
-157.8
-156.4
c(ppm.)
0.28
0.83
0.73
0.61
-0.27
d(Hz.)
27.3
26.6
24.8
26.5
24.4
2-MePyr
Me 3 PO
(t-Bu)NC
MeCN
TMU
MeBenzoate
HMPA
DMAC
TMU
DMSO
TMU
(t .... Bu)NC
-156.2
-159.6
-162.1
-157.0
-162.7
-157.4
-158.0
-144.6
-144.8
-144.1
0.05
-1.84
0.67
1.21
0.14
1.18
1.22
.... 2.77
26.3
38.1
29.6
27.7
26.6
24.8
26.1 (1.5)
29.4
23.4
21.6
34.7
TABLE 17 Continued on next page
TABLE 17 Continued
r HMPA -147.3
TMU -148.8
DMSO -149.6
(t-Bu)NC -150.7 -2.48
MeBenzoate -153.4
DMAC -147.7 1.0
18.9
17.6 (1.5)
21.3
35.0
15.4
23 3
DBU -137.1 1.37 34.7
a
b
c
d
e
All cations obtained in CHC1 3 , except * = toluene.
19 F chemical shifts accurate to +/- 0.1 ppm., and
internally referenced to C6 F 6 (-162.7 ppm. from CFC1 3 ).
l1 B chemical shifts accurate to +/- 0.05 ppm, and
ext erna 11 y ref eren c edt 0 BF3 Ii OE t 2 •
All coupling constants are acc rate to +/- 1.0 hertz
unless otherwise noted.
DBU = 1,5-Diazabicyclo[5.4.0]undecene 7
TABLE 18
N.M.R PARAMETERS of NEUTRAL DBF Y SPECIES in
CHCl FORMED by
D D'
(ppm.)a (ppm.) b
4.1 43.5
Quinuclidine Mn0 4 -153.5
N0 3 -164.1
C10 4 -160.1
SO ::.
-159.84
Cl -141.9
- -CN ,Ac , I
....................
Me 3N N0 3 -165.0
0.64
0.75
1.01
30.6
24.1
21.2
22.5
24.1
Pyr -163.3 27.3
a
b
c
19 F chemical shifts accurate to +/- 0.1 ppm., and
internally referenced to C6 F 6 (-162.7 ppm. from CFC1 3 ).
l1 B chemical shifts accurate to +/- 0.05 ppm., and
externally referenced to BF 3 .OEt 2 •
All coupling constants are accurate to +/- 1.0 hertz.
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FIGURE 22
19 F NMR SPECTRUM OF A QUINUCLIDINE!DMSO.BF Br 3 SYSTEM IN CDC1 3n -n
D = DMSO
S~~ -.J~_oo _
LB__ . ~_~_.~-~~----
P\~----_._._-~:~.._---
Lock Intern~l
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ppt • -.--
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DQBF Z+
-120.0
-.130.0 -140.0 -150.0 -160.0
ppm
Chemical Shifts Relative to CFCl 3
through coincidence. In addition, rapid chemical exchange of
11the O-donor and/or B quadrupole relaxation effects can cause
collapse of splittings, even if J were large. However, once a
mixed-donor difluoroboron cation is prepared with an oxygen
donor and either a pyridine or R3N, non-zero coupling constants
are usually obtained. This coupling greatly assistsdifluoro-
11boron cation elucidation, particularily since B n.m.r.
indicates the number of attached fluorines.
19 F T analyses have shown interesting prospects for1
identifying difluoroboron cation in solely O-donor systems. As
illustrated in Table 19, Q(HMPA)BF 2+ has a much lower T1 than
the boron trihalide adducts in the same solution. This is in
accordance with our previous examples (p. 104). Any cations
should have appreciably shorter T1 's than the adducts from which
they were prepared. Ideally, compounds that could not be
positively identified as cations (Table 20), can now be
checked by T1 studies.
TABLE 19
19 F T 's of a 0.6M Q(HMPA)B System in CHCl
Compound
Q.BF
QD'BF
BF ....
4D.BFBr 2D' • BF
T1
(sec)
1.41
0.57
1.09
0.97
1.70
Error
(0.01)
(0.01)
(0.08)
(0.02)
(0.04)
==:=:::::::=:===::::::======:====::::::==============
The rate of nucleophilic attack of a series of oxygen
donors on D.BF 2Br could be observed. For D=Q, the rate of
TABLE 20
UNCONFIRMED BUT PROBABLE DIFLUOROBORON CATIONS WITH
D
inuclidine
4 ..... Me r
DMSO
MeO
MISCELLANEOUS DONORS DD'BF 2
+
D' 19 F l B J19 F _l1 B
a b (Hz e )(ppm.) (ppm.)
Ace lacetone -139.4 0
H2O -147 30 +/- 10
Acetone -149.3 -1.33 0
i-PrO -152.0 -1.01 0
MeO -156.4 -1.04 0
Tetrahydrofuran -153.3 0
B -152.3 0
MeO -157.6 0
Acetone -149 6 0
MeO -155.3 0
DMSO -149.5 0
MeO -155.0 0
a
b
19 F chemical shifts accurate to +/- 0.1 ppm, and
internally referenced to C6 F 6 ( ..... 162 7 ppm from CFCl 3 ).
liB chemical shifts accurate to +/- 0.05 ppm., and
externally referenced to BF3 _OEt Z-
cation formation was observed in the following orders:
(Me2N)2C=O > Me 2 NCOMe > PhCOOMe , and
(Me 2 N)3 P =O > Me 3 P=O •
These orderings appear to comply with the abili of these
molecules to delocalize a positive charge on oxygen as it
donates an electron pair to boron. This is a critical point, as
oxygen does not formally retain a positive charge.
Not all attempts to prepare (amine)(0-donor)BF 2+ ions were
successful. Et 2 0 and dihydrofuran were unreactive to
displacement of Br from Q.BF 2 Br. In contrast, HMPA was so
reactive that donor-for-donor exchange occurred in many
b) . Chelat Donors
Donor molecules which can undergo chelation are interesting
in difluoroboron studies. They are able to form D.BF 3 adducts
by bonding through one of the donor sites (101,102). However, a
few D.BF 3 adducts of chelating ligands LL have been known to
disproportionate into LL.BF 2+B from LL.BF 3 (103,104,105).
2:2'-Bipyridyl was added to quench n.BF 2Br systems for
D=Q and Me 3 N. No reaction was observed in either case, although
some precipitate formed. This molecule's ability to attack
D.BF 2 Br adducts to displace Br mi t be hindered due to the
ring at each donor's carbon. However, once attached,
displacement of bromine should be almost instantaneous The
addition of ace lacetone to a Q.B r 3 system yielded a large-n
ed efe del e h 19 F 139 4un1 ent1 1e s1ng et 1n t e n.m.r. spectrum at - • ppm.
These donors need not be neutral, as anionic chelating
ligands are known to form neutral LL.BF 2 species (106,107).
c) Other Donors
Very few donors were attempted that were not O-donors.
Sulfur-donors Me 3 PS and Me 2 S were both unreactive in
difluoroboron cation formation, while Me 3 PO and Me 20 formed a
cation and caused decomposition respectively. However, an
interesting N-donor (MeCN) and carbon donor (t-BuNC) were
successful. To assist in cation elucidation, ranges for n.m.r.
parameters of various types of donors forming a difluoroboron
cation with quinuclidine are listed in Table 21.
Table 21
N.M.R. Parameter Ranges for Known QD'BF + Species
19 11 19 a 11 bD' (F- B) Hz. F ppm. B ppm.
R3 N 43.0 - 36.2 -148.4 - -163.7 1.49 - 2.18
Pyridines 28.4 - 30.5 -150.1 - -161.8 1.53 - 2.18
O-Donors 24.8 - 27.3 -156.2 - -160.5 -.27 - 0.83
MeCN 29.1 -159.6 -1.84
(t-Bu)NC 38.1 -162.1
=========================================================
al Referenced to CFCl 3 bl Referenced to BF 3 .OEt 2
The coupling constants of the main types of D' donors appear in
distinct groupings. It is interesting that the J of MeCN falls
into the pyridine grouping of coup1 constants MeCN and r
are moderately hard nitrogen donors (13) with Pi electron
densi Just as interesting is the coincidence of the t-BuCN
carbon donor falling into the R3 N category.
i ) Neutral Dif1uoroboron Adducts : D~BF
R3 N.BX 3 adducts of heavier halides are known to form
mixed-halogen adducts by reaction with tetraal 1ammonium halide
salts (29). However, R3 N.BX 3 adducts with lighter halogen were
unsuccessful in halogen edistribution. The displacement of X
from D.BF 2 X an anion
y to form D.BF 2 Y is no different than
with neutral donor D' to form DD'BF 2
+ Therefore, it isa . not
surprising that many neutral species have resulted from Y
addition to D.BF 2X (Table 18). The large oxo-anions with their
many donation sites were most successful in halogen dis-
placement. Since the J's for these species are all similar, it
In one interest
appears that they are all bonding to boron through an oxygen
case, BC1 4 converted Q.BF 2 Br into
Q.BF 2 Cl. The BCl 4 and D BF 2Br species are presumed to be
exchanging halogen. In a second interesting example, the
addi ion of an OR salt to D.BF 2Br (D=Me 3N,Q) resulted in a 19 F
n.m.r. quartet at -153.1 ppm with a 12.1 hz. coupl
Instead of the intended Q.BF 20H, this species has been
identified as BF 3 0H (108).
constant.
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Cha ter 6
Studies of Tetrahedral Boron Cations
A) General
In typical positive mode FAB spectra of neutral molecules,
one usually observes the characteristic (M+H)+ peak for the
parent ion (p.26). In our studies, the parent compound is
already ionic; ego D2 BX 2 Since dissociation into these ions
occurs while in the matrix, preionization by protonation by the
matrix is not required. Consequently, we observe only the FAB
spectra characteristic of 'D 2BX 2+', and not of' [(D 2 BX 2+
Y-)+H]+'.
FAB was initially utilized in our research as a secondary
technique for confirming the presence of cations. The mass
spectrometer was first set up for routine FAB analysis as this
research was beginning. From this point on, it has been found
that our haloboron cations volatilize readily into the FAB
source, and give well defined spectra. When samples became
easier to prepare, FAB became more than an auxiliary technique.
In fact, it has become complementary with n.m.r. for the study
of these systems.
Most FAB spectra reported in this thesis have had peaks due
to glycerol (eg. m/z 93, 185 and 277) removed by spec ral
subtraction. In a few cases, subtraction was not necessary if
the matrix peaks were of low intensity.
In these FAB studies, conditions beyond the FAB operator's
control such as residue fom the previous sample, cleanliness of
the probe, and ion current variations, challenge the re-
producibility of the results In addition, sample to matrix
proportions, exposure of matrix to air (thus water)~ and
thickness of the layer on the probe tip can cause variations
Consequently, one must be very careful not to overinterpret
results. Fortunately, spectra accumulated over a number of
scans are consistent in their intensi ratios. This means that
although each sample is an average of five or more scans, the
spectrum is no chang and the peaks are real
B) Results and Discussion
i) Bis(amine)difluoroboron Ions
When the Brock Universi unit (see p became
operational in May 1983, Q2 BF 2+ Br- (Q=quinuclidine) was one of
the first research samples run. High abundance peaks at m/z
271[100;0; Q2 BF 2+ 1, 160[57.3'70; Q.BF 2+), 112[17.1'70; QH+)' and
+111[12.9%; Q ] were observed. All remaining peaks were of
minimal intensity (Figure 23). It is ironic that this ucl e
The identi
+spectrum is better than subsequent Q2 BF 2 spectra, all of which
contain peaks due to DH+X- or solvent-donor interac ions
(sections B iv).
of Q2 BF 2+ has been confirmed by analysis of
the ion's isotope cluster pattern. Although the cluster is not
100
98
813
70
68
40
20
10
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FIGURE 2~
+FAB OF Q2BF 2
510MFl.1 [TIC=772432~ 10G~=275872J E1
+n.BF 2
160
271
m/z Intensity Identity
271 100.0 Q2BF 2
+
160 57.3 Q.BF 2
+
112 17.1 Q.H+
111 12.9 Q+
as distinctive as transition metal c 1exes with their many
· · h · lOB/liB d· 12 C/13 C ·1sotopes, 1t as major an m1nor 1sotope
distinctions. A triplet is then expected wi h peaks in the
approximate ratio of 3:10:2. Figure 24 shows the
(Quinuclidine)2BF2+ peak cluster, and the expected peak
intensities as determined BMASROS (see p. 48).
+All FAB spectra of D2 BF 2 (D=Q, Me 3 N, r, 4-MePyr) have
+ +characterisitic ,D.BF 2 and D 2 BF 2 peaks. The relative
intensities of these peaks are variable, dependent on the
conditions under which they were run. In addition, a weak peak
+ - +
of a dication cluster [(D 2BF 2 )2X ] , which is two cations held
together by an anion, was observed in all cases. The iso ope
pattern of the dication cluster [(Q2BF2)2Br]+ was confirmed by
BMASROS (Figure 25). Although this cluster has a low intensi
its presence is important In samples in which Br is displaced
to form D2 BF 2+ cations, the bridg anion is bromine.
instances, BF 4 - in [(D2BF2)2BF4]+ is observed as well.
In a few
FAB
analysis of a D2 BF 2
cluster [(DD'BF2)2B
B complex resulted in the dication
] +.. Consequently, this peak can be used
as a qualitative test fo the anion(s) present. However, in
cases where two separate bridging anions are observed, one
cannot distinguish from the peak intensities the proportion that
these anions exist in the salt.
ii) Bis(amine)difluoroboron Ions : DD BF +
When FAB studies of mixed donor systems were performed,
. FIGURE 24.
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FAD AND BMASROS OF Q2BF 2
122MF1.l [TIC=1967616, 100~=279504] E1
100 271
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70
Full Spectrum
in Appendix 3
so
20
272
19
l") 7 ~ i "--r::.-. 1....4
"'" 0 l'::tjt:f
i 00 ~
i
.,0 ~
.. r- 1 • t I I
R
E
L
A
r
I
E:
I
t·~
T
E
t·~
70 "..
4e:t -
BMfiSROS RF.PORT.
~C~ECULAR CLUSTER: (QUINUCLIDINE)2BF2+
R:LATIVE INTEt-fSITY NO~Mr4L I7CD HJTl:'JISITY
-:-.
.,;...
280278276272 274270268266264262
(1 ....1IIIIiIIIIlIIII_..._IIiIIllIIIIIlII_...~...........-_IIiIIII8IIIIIII_...._ ...................~...............·IIIIlI'iIIIIIII_.....,..L_-.Jfl--.....A.__J-.---.I_-L._
2€,0
-126- +
FIGURE 25, FAD AND BMASROS OF [(Q2 BF 2)2 Br ] .
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spectral interpretation became more difficult, yet more
interesting. As shown in Figure 26 for the cation
(Me 3N)(2-Mepyr)BF 2+, the main peaks in a pical spectrum are
,D' ,DBF 2+, D'BF 2+, and DD'BF 2+. At m/z 489, one finds
+the dication cluster [(Me3N)(2-MePyr)BF2]2BF4. As with the
+D2 BF 2 systems, each grouping of peaks is variable in relative
intensi in FAB spectra. However, the D.BF 2+ and D'BF 2+ peaks
are constant in their relative intensity. Table 22 lists the
ratios between D.BF 2+ and D'BF 2+ for both Q and Me 3N quenched by
various pyridines. Their FAB spectra can be found in
3
Table 22
pendix
+Ratios of D.BF 2 versus
D'BF +
2 as
Fragments of DD'BF +2
D'
2-M
Pyr
r
Q =D
6.48:1
6.47:1
Me 3 N = D
0.702:1
0.578:1
2-EtPyr
3-MePyr
4-Me r
4-PhPyr
Q
5.79:1
2.91:1
1.89:1
1.18:1, 1.18:1
(1.37:1)
0.268:1
0.185:1
0.143:1
0.23:1
(Poor spectrum)
The fragmentation of DD'BF 2+ to form D.BF 2+ and D'.BF 2 +
ideally should be in a constant ratio. The result fragments
should appear in the ratio proportional to their relative
stability of the D Band D'B bond. The ratios can be reproduced
-1
FIGURE 26
FAB OF A MIXED DD'BF 2+ SPECIES
(D=Trimethylamine , D'=2-Picoline)
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to within 2%. However, major fragmentation discrepancies can
arise in highly-reactive pyridine-containing systems. In the
+Q(4-PhPyr)BF 2 system with an anomalous 1.37:1 fragmentation
ratio (Table 22), (4- Although this
species was of low abundance, the fragmentation of this cation
will make an anomalously large 4- +r.BF 2 peak. The
fragmentation of pyridine systems will be determined
unequivocally on when DD'BF 2+ cations are initial isolated
before a FAB experiment. None of our DD'BF + species have yet2
been isolated before analysis.
In the quenching of both Q and Me 3 N pyridines, the
following ordering of stabilities is obtained:
Q/ 4-PhPyr > 4-Me r > 3-MePyr > 2-E r > r, 2-MePyr
4-PhPyr > 4- r > 3-MePyr > Pyr > 2- r
+This seems to indicate that the most stable D.BF 2 species have
minimal steric effects, and maximum electronic effects for
positive charge stabilization. Except for 4-PhPyr, the ordering
closely resembles the rate at which pyridine donors act as
nucleo iles displacing X from D BF 2X, as determined by n.m.r
( p • ) •
The peculiar order of Q/ r should be noted. Withou
any a 1 substituents, the aromatic r cannot delocalize
charge as well as he other species. But, less hindrance of r
should allow it to approach boron closer than 2-E r. It
appears that the fragmentation product mus have some dependence
on the depart neutral donor.
A second point worth comment is the large differences in
+ratios for the same pyridine between Q and Me 3 N. Q BF 2
fragments are more abundant relative to the pyridine.BF 2+
fragment than are Me +.BF 2 fragments This can be due to
greater steric hindrance and lower base strength of Me 3N. A
preliminary FAB of a Q(Me 3N)BF 2+ containing system resulted in
+the Q.BF 2 fragment be much higher in intensi than of
+Me 3 N.BF 2 • It would be appropriate in the future to intensively
study bis tertiary amine systems.
FAB studies of difluoroboron cations can also be extended
to donors other than nitrogen. A preliminary analysis of a
(Me 3 N)(DMSO)BF Br 3 system showed peaks indicative ofn -n
+ +(DMSO)2BF2 and of DD'BF 2 (Figure 27).
iii) DD'BFX+ S ecies (X=Cl Br)
In addition to difluoroboron cations, pyridine contain
adducts can also produce D2 B (X=Cl,Br) species in the same
sample (p. 9 ). Separation of the two pes of fluoroboron
cations has not yet been attempted. Consequently, the analysis
of such a sample appears more complicated. Fortunately,
distinctive isotope patterns occur in bromine (79 Br and 8 r in
a 1:1 ratio) and chlorine (35 Cl and 37 Cl in a 3:1 ratio)
contain compounds. This makes the fragmentation products of
+cations distinguishable from the D2 BF 2 fragments.
Figures 28 and 29 show D2BFC1+ and D2 BFB
with their comparisons to BMASROS results.
ions espectively
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FIGURE 27
FAB of (Me 3 N)(DMSO)BF2 +
D == Trimethylamine Df == DMSO
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FIGURE 28 FAB AND BMASROS OF (pyr)2 BFC1
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FIGURE 29 FAB AND BMASROS OF (Me 3 N)(4-MePyr)BFBr
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iv) DD'BX + Species (X=Cl,Br)
+Cations of the type D2BX 2 have been monitored only by
boron-11 n.m.r. in solution. As only a singlet results,
uncertain can remain in the identi of these species.
Although pairwise interaction parameters have helped identify
most of our cations, FAB spectra confirm cation identity. Since
most of these cations must be derived from iodine containing
systems (p. 9 ), auxiliary reactions compete, resulting in
complex FAB spectra (Figure 30). Figure 31 compares the isotope
Reactions
+
cluster of (Me3N)2BCl2 from Figure 30 to the calculated cluster
using BMASROS
v) Co
--=----,;:::;;"..,-------
a) Adduct Interference
Reference FAB spectra of n.BX 3 adducts showed no parent
+peaks (see Figure 32). In case of Q.BCl 3 and Q.BBr 3 , a Q.BX 2
2+peak was large, but no Q.BX peak was observed. This is a
strong indication of the adducts' preference three
coordination. The dative bond survives the conditions while a
halogen departs. This could be due to the donor's better
capability in electron transfer for charge stabilization. In
contrast to FAB, the EI spectrum of Q.BCl 3 showed only peaks
indicative of quinuclidine fragmentation.
The abili of the cation to volatilize readily in FAB
while adducts require preionization is both an advantage and a
-136-
FIGURE 30
+FAB OF (Me3N)2BC12 OBTAINED FROM A Me 3N.BCl n I 3 _n SYSTEM
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FAB OF Q.BX 3 ADDUCTS
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disadvantage. Mixed samples (cations and adducts) can be
analysed to determine cation fragmentation patterns without the
need for cation isolation techniques. Conversely, FAB is not
the best tool for determining the purity of a sample since not
all substances are ionized equally. Therefore peaks due to
adduct contamination in isolated cation systems might be
overlooked.
In the last stages of this work, the lack of interference
by adducts was used to an advantage. Unquenched equilibrated
solutions of D.BF Br 3 were added to TLC spot plates containn -n
pyridine donors. The result mixtures were stirred, then
allowed to evaporate at room temperature to dryness while
exposed to air. Cations with these pyridines formed readily,
resulting in exce1lant FAB spectra with a minimal amount of
sample preparation. This technique avoids the use of n.m.r., and
will allow intensive FAB studies of these systems.
b) DH+X- Contamination
) or simply uHX" (p. 42) is a major
contaminant of our ionic salts. As uHX u rather than nDX"
appears in deuterated solvents, the proton source is most likely
Samples left in solution in capped n.m.r. tubes over long
periods of time tend to accumulate larger amounts of --HX u • In
+FAB, the two peaks indicating uHX u contamination are (D.H)2X
In the dication cluster the anion seems to be holding
the two cations together through drogen bond Figure
AI uHBr u Contaminated
FIGURE 33 FAB OF (4-Mepyr)2BF2+ SHOWING "HX" CONTAMINATION
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compares two FAB spectra of (4-Me pure and
the other having uHX u (X=Br-,B -) contamination indicated by
peaks at m/z 187 (D 2
+ -) and 267/269, 275 «D.H)2X , X=Br , B
respectively). In addition, peaks at the limit of detection at
409/411, and 417 might be due to the ion (D 2 BF 2 )(D.H)X+, where X
is Br and BF 4 respectively. EI spectra of this system (Figure
34) show uHX u contamination the appearance of the HB ion at
m/z 80/82. Since EI spectra are easier to obtain, this
technique is quick and simple for on the spot checking for uHX u
contamination.
c) Matrix and Solvent Effect
Relative stabilities of various ions are greatly
affected by the matrix. Mixtures of cations cannnot be prepared
quantitively as the matrix mi hold one cation specifically,
or better preionize another. Glycerol was primarily used in
this research. Complexing with the matrix appeared limited.
However, the proportion of sample to matrix was not held
constant
A second matrix, sulfolane, was used when complexes with
B anions were being analysed. Perhaps other matrices might
be attempted to improve the ionization of the adducts present
with the cations; thus allow
contaminants
better determination of
Solvents in which haloboron cations are prepared can
sometimes be attacked by the reagents. Heavy precipitation was
FIGURE 34
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observed in a Me 3 N.BCl n Br 3 _n system in CH 2 Cl 2 quenched by Me 3 N.
A FAB analysis of the precipitate yielded the species
[Me 3 N.CH l Cl]+ (Figure 35). This information obtained by
precipitate analysis helps us to better understand occurrences
in solution.
d) Miscellaneous
Routine FAB-MS analysis of previously intractable
precipitates from D.BX Y3 adduct solutions can now be done.
n -n
In one instance, the addition of Bz 2 NH to a Q.BF Br 3 systemn -n
resulted in immediate precipitation FAB analysis of the
precipitate showed that there was no boron-containing species.
Instead, fragments and complexes of the protonated secondary
amine were found, including the dication [(BZ l NH)l.3H.Br]+
(Figure 36).
The boron isotope pattern (see p. 20) stands out in our
spectra. Even low abundance peaks can be utilized if this ratio
is observed for an expected species. Occasionally, one sees
minor identified peaks containing boron which may be due to
decomposition products.
C) Conclusions
Our FAB-MS studies to date are still limited on salts of
the difluoroboron cations. Most work was initially involved
with the FAB of isolated cations. As cation isolation was not a
major focus of this work, few samples were run. Now, it has
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FIGURE
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been determined that separation of the adducts from the cation
is not required for FAB studies. Unfortunately, time
constraints have prevented further studies beyond the
preliminary ones reported here. More work is required on mixed
tertiary amine systems, and for donors other than pyridines or
ter iary amines In might also be of interest to stu
conditions neccessary to obtain greater intensities of dication
clusters. Perhaps higher-order clusters might be found
(109,110). In addition, the ratio of the dication cluster to
fragments of D2BX 2 + might be a method of determining s Ie
lattice structure strengths.
CHAPTER 7
CONCLUSIONS
The massive accumulation of n.m.r. parameters for bis-
(amine)difluoroboron cations in this thesis is evidence of our
systematic preparation of these species which were previously
unobtainable. The scope of the research broadened considerably
when work was initiated with pyridines.
formation as with aliphatic tertiary amines, monofluoroboron
+ 2+
cations of type D2 BFX (X=Cl,Br) and D3 BF have been prepared.
Interestingly, reactions were similar in non-fluorinated
D.BX
n
Y3 _n systems, with the preparation of D2 BX 2+ and D2 BXY+
species for both R3N and pyridine.
The conditions used in haloboron cation syntheses have been
mild and relatively simple. Typically, temperatures are not
usually raised over 60 o C, and atmospheric pressure is
maintained. D4 B
3
+ species have been obtained by refluxing mixed
haloboron adducts in toluene (97,98). Although solubilities of
our adducts are low in toluene, toluene is a promising solvent
for continued work on amine-systems which have as yet been
unreactive.
Most of our work deals with the solution chemistry of
haloboron cations. However, our preliminary FAB-MS studies on
salts of difluoroboron cations has been promising. Previously
intractable precipitates can be analysed, and sample purity
can be determined.
In tne future, isolated salts can be tested for their
hydrolysis, oxidation and acid/base stability, submitted for
elemental analysis, or hopefully undergo an x-ray diffraction
study. As extensions to this work, additional donors can be
studied in detail, such as primary and secondary amines,
chelating donors, s rous donors, or possibly even
transition metals. Although we now have a well defined system,
mechanistic studies of cation formation should still be
undertaken.
REFERENCES
1. A. G. Massey, Advan. Inorg. Chern. Radiochem., 10, 1 (1967).
2. J. S. Hartman and J. M. Miller, "Adducts of the Mixed
Trihalides of Boron", Ed. by H. J. Emeleus and A. G. Sharpe,
Advan. Inorg Chern. Radiochem., l! , 147 (1978).
3. S. H. Bauer and J. Y. Beach, J. Am. Chern. Soc., 63 ,1394
(1941).
4. D. G. Brown, R. S. Drago and T. F. Bolles, J. Am. Chern. Soc.,
90 , 5706 (1968).
5. A. Finch, P. J. Gardner and I. J. Hyams, Trans. Far Soc.,
61 , 649 (1965).
6. H. C. Brown, and R. R. Holmes, J. Am. Chern. Soc., 78,2173
(1956).
7. C. M. Bax, A. R. Katritzky and L. E. Sutton, J. Chern Soc.,
1258 (1958).
8. J. M. Miller and M. Onyszchuk, Can. J. Chern., 42 , 1518
(1964).
9. J. S. Hartman and R. R. Yetman, Can. J. Spect., 19 , 1 (1974).
10. M. F. Lappert, J. Chern. Soc., 542 (1962).
11. D. Cook, Can. J. Chern., 41, 522 (1963).
12. (see reference 4)
13. R. G. Pearson and J. Songstad, J. Am. Chern. Soc., 89 , 1827
(1967).
14. C. A. Tolman, J. Am. Chem. Soc., 92 , 2956 (1970).
15. C. A. Tolman, Chem. Rev., 77 , 313 (1977).
16. D. D. Perrin, "Dissociation Constants of Organic Bases in
ueous Solutions", Butterworths, London (1965); Supplement
(1972).
17. H. K. Hall, Jr., J. Am. Chem. Soc., 79 , 5441 (1957).
18. A. Fox and J. S. Hartman, J. Chern Soc., Dalton Trans, 1275
(1982).
19. N. N. Greenwood and A. Earnshaw, "Chemistry of the Elements",
Chapt 6.7, 223, Permagon Press, New York (1984).
20. R. J. Gillespie and J. S. Hartman, Can J. Chern., 46 , 2147
(1968).
21. J. E. Drake and B. Rapp, J. Chern Soc., Dalton Trans., 2341
(1972).
22. G. Jugie, J. P Laussac and J. P. Laurent, Bull. Soc. Chim.
Fr , 2542, 4238 (1970).
23. M. J. Bula and J. S. Hartman, J. Chern Soc., Dalton Trans,
1047 (1973).
24. J. S. Hartman and G. J. Schrobilgen, Inorg. Chem., 11,
940 (1972).
25. (see reference 8)
26. N. N. Greenwood and R. L. Mar~in Quart. Rev. Chem. Soc.,
! , 1 (1954).
27. J. S. Hartman and J. M. Mi ler, Inorg. Nucl. Chern. Lett.,
2. , 831 (1969).
28. M. Goldstein, L. I. B. Haines and J. A. G. Hemmings, J. Chern.
Soc., Dalton Trans., 2260 (1972).
29 B. W. Benton and J. M. Miller, Can. J. Chern., 52 , 2866
(1974).
30. B. W. Benton-Jones, M. E. A. Davidson, J. S. Hartman, J. J.
Klassen and J. M. Miller, J. Chern Soc., Dalton Trans., 2603
(1972).
31. K. Moedritzer, Adv. Organomet. Chem., 6 , 171 (1968)
32. K. Moedritzer, Organornet. React., ! , 1 (1971).
33. M. F Lappert, M. R. Litzan, J. B. Pedley P. N. K. Riley
and H. Noth, J. Chem Soc. A, 383 (1971).
34. B. W. C. Ashcroft and A. K. Holliday, J. Chern. Soc. A, 2581
(1971)
35. G. E. Ryschkewitsch and J. W. Wiggins, J. Am. Chern. Soc.,
92 , 1790 (1970).
36. G.E.
E. L.
schkewitsch in 'Boron Hydride Chemist
Muetterties, Academic Press, chapter 6
, Edited by
1975).
37. M. A. Mathur and G. E.
3054 (1980).
schkewitsch, Inorg. Chern., 19 ,
38. H.
-154-
th, Prog. Boron Chem., l , 211 (1970).
39. S. G Shore and R. W. Parry, J Am. Chern. Soc., 77 , 60
(1955).
40. K. C. Nainan and G. E.
330 (1969).
schkewitsch, J. Am. Chem. Soc., 91 ,
41. R. B. Moodie and B. Ellul, Chem and Ind., 767 (1966).
42. M. J. Farquharson, B.Sc. thesis (1983).
43. M. J. Far
Commun., 256
rson and J. S. Hartman, J. Chern. Soc., Chern
(1984).
44. M. J. Bula, D. E. Hamilton and J. S. Hartman, J. Chem. Soc.,
Dalton Trans, 1405 (1972).
45. C. D. Schmulbach and I. Y. Ahmad, Inorg. Chern., 8 , 1414
(1969).
46. L. Y. Ahmad and c. D. Schmulbach
(1972).
, Inorg. Chern., 11 , 228
47. A Fox, J. S. Hartman and A. T. Nguyen, unpublished
observations.
48. J. S. Hartman and P Stilbs, J. Chern. Soc., Dalton Trans,
1142 (1980).
49. G. E. Ryschkewitsch and K. Zutshi, Inorg. Chern., 9 , 411
(1970)
50. N. E. Miller and E. L. Meutterties, J. Am. Chern. Soc., 86 ,
1033 (1964).
51. C. L. Bramlett and A Tabereaux Jr., Inorg. Chern, 9 ,
978 (1970).
52. H. Noth, S. Weber, B. Rasthofer, A. Konstantinov and C.
Narula, Pure and Appl. Chern., 55 , 1453 (1983).
53. H. Noth, R Staudigl and H. U
(1982).
er, Inorg. Chern., 21 , 706
54. J. Higashi, A. D. Eastman and R. W. Parry, Inorg. Chern.,
21 , 716 (1982)
55. C. K. Narula and H. Noth, J. Chern. Soc. Chern. Comrn., 1023
(1984).
56. E. M. Purcell, H. C. Torrey and R V. Pound,
69 , 37 (1946).
s. Rev.,
57. M. L. Martin, J.-J. Delpuech and G. J. Martin, "Practical
N.M.R. Spectroscopy", H en, London (1980).
58. L. M. Jackson and F. A. Cotton, " ic Nuclear Magnetic
Resonance Spectroscopy", Academic Press, New York (1975).
59. E. D. Becker, "High Resolution NMR", 2nd Ed., Academic
Press, New York (1980).
60. Pierre Lazlo, "NMR of Newly Accessible Nuclei", Vol. 2,
Academic Press, New York (1983).
61. H. Noth and B Wrackmeyer, "Nuclear Magnetic Resonance
Spectroscopy of Boron Compounds", Springer-Verlag, Berlin
and Heidelberg, chapters 1 and 2 (1978).
62. N. F. Ramsey and E. M. Purcell, s Rev., ~ ,143 (1952).
63. J. W. Akitt, "N.M.R. and Chemistry", 2nd Ed., Chapman and
Hall, London (1983).
64. T. Vladimiroff and E. R. Malinowski, J. Chern Phys., 46 , 1830
(1967).
65. J. M. Miller and T. R. B. Jones, Inorg. Chern, 15 , 284
(1976).
66. R. A. Geanangel, Inorg Chem., 14 , 696 (1975).
67. J. M. Miller, J Inorg Chem., 22 , 2384 (1983).
68. J. S. Hartman and J. M. Miller, Inorg. Chem., 13 , 1467
(1974).
69. H. D. Beckey, Principles of FI and FD Mass Spectrometry,
Pergamon Press, Oxford (1977).
70. P. G. Kistermaker, G. J. Q. Van Der Peyl and J. Hav ,
Soft Ionization Biological Mass Spectrometry, p 120, edited
H. R. Morris, He en, London (1981).
71. R. D. MacFarlane,Acc. Chern. Res., !1 , 268 (1982)
72. J. E. Campana, Int. J. Mass Spec. Ion s., 51 , 133 (1983).
73. M. Barber, R. S, Bordoli, R. D. Sedgwick and A. N. ler,
Nature, 293 , 270 (1981).
74. M. Barber, R. S. Bordoli, R. D. Sedgwick and A. N. lar,
J. Chern. Soc. Chern. Comm., 325 (1981).
75. J. M. Miller, Adv. Inorg. Chern. Radiochem., 28 , 1 (1984).
7 6 • J. M• Mill e r, J.. 0 r ganOille t • Ch em., 2 4 9 , 2 9 9 (1 9 8 3 ) ..
77. H. W. Berry, s. Rev., 21 , 913 (1949).
78. M. Barber, R. S. Bordoli, G. J. Elliott, R. D Sedgwick and
A. N. Tyler, Anal. Chern., 54 , 645A (1982).
79. L. C. E lor, Ind. Res. and Develop., 124 (1981).
80. A. Vincze, K. L. Busch and R. G. Cooks, Anal. Chim Acta.,
136 , 143 (1982)
81. S. A. Martin, C. E. Costello and K. Biemann, Anal. Chern.,
54 , 2362 (1982).
82. J. Mahoney, J. Perel and S. Taylor, Am. Lab., p. 92, March
(1984).
83. K. L. Rinehart, Science, 218 , 254 (1982).
84. B. Schuelur, P. Feigl, F. R. Krueger and F. Hillenkamp,
Org. Mass Spectrom., 16 , 502 (1981).
85. J. E. Campana and B. N. Green, J Am Chern. Soc., 106 , 531
(1984).
86. D. F. Shriver, "The Manipulation of Air-Sensitive Co
McGraw-Hill Book Company, New York, chapters 7 and 8
ounds",
1969).
87. D. P. Shoemaker, C. W. Garland and J. I a Steinfield,
"Experiments in Physical Chemistry", 3 r Ed., McGraw-
Hill, New York (1974).
88. J. A. Dean, "Lange's Handbook of Chemistry", 13 th Ed.,
McGraw-Hill, New York (1985).
89. J. R. Blackborow, J. Chern. Soc., Dalton Trans., 2139 (1973).
90. S. S. Krishnamurthy and M. F. Lappert, Inorg. Nucl. Chern.
Lett.,l, 919 (1971).
91. B. Benton-Jones and J. M. Miller, Inorg Nucl. Chern. Lett.,
~ , 485 (1972).
92. R. Ruppin, s. Rev. B, ! , 1229 (1970).
93. G. Shirane, D. E. Cox and S. L. Ru
(1962).
s Rev., 125 , 1158
94. V. I. Goldanshii and I. P. Suzdaler, Russ. Chern. Rev., 39 ,
609 (1970).
95. J. S. Hartman and B. D. McGarvey, unpublished observations
96. Private consultation between A. F. Janzen and J. S. Hartman
(1980).
97. J. S. Hartman and G. J. Schrobilgen, Inorg Chem., 13, 874
(1974).
98. R. D. Bohl and G L. Galloway, J. Inorg. Nucl. Chem., 33 ,
885 (1971).
99. D. R Martin, J. U. Mondal, R. D. Williams, J. B. Iwamoto,
N. C. Massey, D. M. Nuss and P. L. Scott, Inorg. Chim. Acta,
70 , 47 (1983).
100. H. Noth and H. Vahr , Chem Ber., 99 , 1049 (1966).
101. H. C. Brown, B. Singaram and J. R. Schwier, Inorg Chem.,
18 , 51 (1979).
102. H. C. Brown and B. Singaram, Inorg. Chem., 18 , 53 (1979).
103. N. Wiberg and J. W. Buchler, Chem. Ber., ~ , 3000 (1963).
104. D. D. Axtell, A. C. Campbel, P, C, Keller and J. V. Rund,
J. Coord. Chern., 1 , 129 (1976).
105. D. Mukhopa , S. Roychoudhury, B. Sur and R. G.
Bha tacharyya, Ind. J. Chem, 22A , 333 (1983).
106. G. Klebe and D. Tranqui, Inorg. Chim. Acta, 81 , 1 (1984).
107. N. N. Shapetko, L. N. Kurkovs ,V. G. Medvedeva, A. P.
Skoldinov and L. K. Vasyanina, J. Struct. Chern., 10 , 5
(1969).
108. K. Kuhlmann and D. M. Grant, J. Phys. Chern., 68 , 3208
(1964).
109. C. Javanaud and J. Eagles, Org. Mass Spectrom., 18 , 93
(1983).
110. R. erge, B.Sc. Thesis (1984).
111. J. S. Hartman, G. J. Schrobilgen and P. Stilbs, Can. J.
Chem., 54 , 1121 (1976).
112. J. S. Hartman and E. C. Kelusky, Can. J. Chem., 59 , 1284
(1981).
113. J. S.
Acta,
Hartman B. D. McGarvey and C. V. Raman, Inorg. Ch m.
~ , 63 (1981).
114. J. S. Hartman and B. D. McGarvey, Inorg. Chim. Acta, 44 ,
L39 (1980).
APPENDIX 1
PAIRWISE INTERACTION PARAMETERS
A Program for calculating n.m.r. pairwise interaction
parameters for a Burroughs B7900 using a Cande terminal
AS/ pical data input (19 F chemical shifts)
A6/ Complete output for 19 F chemical shift parameters
A9/ Summarized output for J(19 F _ll B) parameters
Al0/ Summarized ou ut for ll B chemical shift parameters



A5-
A6
A7
A8
A9
.A10

APPENDIX 2
CALCULATION OF NeM.R. T 1 's USING THE LEAST S S TECHNI E'"
A13/ Progran for pIe II+ and Apple lIe computers
A18/ Typical ou ut of a T l calculation
*
J. C. J s. 3 1980)
]
5 HOME
11 REM -- THE METHOD IS GENERAL
, THE PARTICULAR FUNCTION IS
FOR Tl DETERMINATION IN NMR
, AND LOCATED IN STATEMENTS
280 - 300
12 PRINT "IS THERE A PRINTER? 0=
NO ; l=YES"
17 INPUT Q
18 PRINT "WANT DATA RETREIVED?
YES =1, NO =0"
19 INPUT VV
20 DIM X(50),Y(50),R(50)
21 IF VV = 1 THEN 5000
22 INPUT "SAMPLE NUMBER? ";W$
24 INPUT "SAMPLE TITLE? ";X$
25 GOSUB 6000
29 INPUT "CURSOR # BEING CALCULA
TED? ";Y$
30 PRINT "INPUT X (TIME), Y (INT
ENSITY), NEGATIVE X AND Y TO
END LIST"
40 FOR G = 1 TO 50
50 INPUT X(G),Y(G)
60 IF X(G) < 0 GOTO 90
70 N = G
80 NEXT G
90 PRINT "INPUT INITIAL ESTIMATE
S OF A,B,C"
100 INPUT Al,Bl,Cl
110 PRINT "INPUT T, O=CALCULATE,
l=FINAL TABLE, 2=DELETE 1 P
OINT,"
120 PRINT "3=ADD 1 POINT, 4=ABSO
LUTE END, 5=DIFFERENT A,B,C"
125 PRINT "6=NEW CURSOR, 7=NEW S
AMPLE, 8=SAVING PARAM, 9=GET
TING PARAM"
130 INPUT T
140 IF T = 0 THEN 200
150 IF T 1 THEN 745
160 IF T = 2 THEN 880
170 IF T = 3 THEN 1110
180 IF T = 4 THEN 1150
190 IF T 5 THEN 90
192 IF T = 6 THEN 29
194 IF T = 7 THEN 22
]
196 IF T = 8 THEN 4000
197 IF T = 9 THEN 5000
200 H = 1
205 IF H = 6 GOTO 700
210 M1 = 0:M2 = 0:M3 = 0:M4 O:M
5 = 0:M6 = 0:M7 = 0
220 M8 = 0:M9 = O:Sl = 0
230 FOR G = 1 TO N
240 IF (H = 1) AND (G = 1) THEN
280
250 GOTO 290
260 REM -- Tl=F'A, T2=F'B, T3=F
'c, T4=R=Y-(F(A,B,C,X»
270 REM -- SECTION SPE FIC FOR
FUNCTION FOLLOWS, NOTE JUMP
INTO IT
280 PRINT "PARTICULAR FUNCTION I
S Y=A-A EXP(-X/B)-AC EXP(-X/
B)"
290 T5 = EXP ( - X(G) / B1)
300 Tl = 1 - T5 - Cl * T5
310 T6 = A1 * X(G) * T5 / (B1 * B
1)
320 T2 = - T6 - C1 * T6
330 T3 = - A1 * T5
335 T4 = Y(G) - (A1 A1 * T5 - A
1 * Ci * T5)
340 REM -- COMPLETES SECTION SP
ECIFIC FOR FUNCTION
350 R(G) = T4
360 REM -- CALCULATION OF SUMS
370 Hi = Mi + Tl * Ti
380 M2 = M2 + Tl * T2
390 M3 = M3 + Ti * T3
400 M4 = M4 + T2 * T2
41 0 M5 = M5 + T2 e. T3
420 M6 = M6 + T3 * T3
430 M7 = M7 + Ti * T4
440 M8 = M8 + T2 * T4
450 M9 = M9 + T3 * T4
460 Sl = S1 + T4 * T4
470 NEXT G
480 REM -- CALCULATIONS USING S
UMS -- CRAMER'S RULE
490 S3 = 2 * M2 * M3 * M5 - M3 *
M3 * M4 - Ml * M5 * M5 + Ml *
M4 * M6 - M2 * M2 * M~
499 TF S3 = 0 TH~N 3000
A15
]
500 83 = 1 / 83
510 84 = M4
*
u6
-
M5
*
M5
520 A2 = 83
*
(M3
*
M5 * M8 M3 *M4
*
M9 + M2 * M5 * M9 - M2 *M6
*
M8 + M7 * 84)
530 Q3 = 83 * 84
540 S5 = Ml
*
M6
-
M3
*
M3
550 B2 = 83
*
(M2
*
M3 * M9 + M8 *85 + M3 * M5 * M7 - Ml * M5 *M9
-
M2
*
M6 * M7)
560 Q4 = S3 * S5
570 S6 = Ml
*
M4
-
M2 * M2
580 C2 = 83
*
(M2 * M5 * M7 .. M3 *
M4 * M7 + M2 * M3 * M8 - Ml *M5 * M8 + M9 * S6)590 Q5 = S3
*
86
600 Al = Al + A2
670 Bl = Bl + B2
680 Cl = Cl + C2
690 H = H + 1 : GOTO 205
700 S2 = 8QR (Sl / (N - 3»
710 PRINT uSTD DEV OF Y = uS2;uF
OR 5 REPEATS u
720 PRINT uNEW A = u;Al;uNEW B =
u;Bl;uNEW C = u;Cl
730 PRINT
740 GOTO 110
745 PRI Q
749 PRINT uCURSOR # 18 u;Y$
750 A$ = uTIME Y
OBS-CALC RELAT
IVE DEV n
751 G08UB 2000
760 PRINT
770 FOR G = 1 TO N
780 A$ = LEFT$ ( STR$ (X(G» + u
u
,15)
781 A$ = LEFT$ (A$ + STR$ (Y(G)
) + u u ,30)
782 A$ = LEFT$ (A$ + STR$ (R(G)
) + u u ,45)
783 A$ = A$ + 8TR$ (R(G) / S2)
784 GOSUB 2000
790 NEXT G
800 A$ = un: G08UB 2000
810 A$ = uA= u + STR$ (Ai) + n
STD ERROR= n + STR$ (S2 *
SQR (Q3»
811 G08UB 2000
]
820 A$ = uB= U + STR$ (Bl) + U
STD ERROR= U + STR$ (S2 *
SQR (Q4»
821 GOSUB 2000
830 A$ = uC= U + STR$ (Cl) + U
STD ERROR= U + STR$ (S2 *
SQR (Q5»
831 GOSUB 2000
840 A$ = uNUMBER OF POINTS = U +
STR$ (N) + U STD ERROR
OF Y = U + STR$ (S2)
841 GOSUB 2000
850 A$ = uu: GOSUB 2000: GOSUB 20
00
860 PRI 0
870 GOTO 110
880 PRINT uINPUT WRONG X AND y n
890 INPUT T4,T5
900 FOR G = 1 TO N
910 IF X(G) < > T4 OR Y(G) < >
T5 THEN 930
920 X(G) = 9999
930 NEXT G
940 FOR H = 1 TO N
950 C = 0
960 FOR G = 1 TO N - 1
970 IF X(G) < X(G + 1) THEN 1050
980 T4 = X(G)
990 T5 = Y(G)
1000 X(G) = X(G + 1)
1010 Y(G) = Y(G + 1)
1020 X(G + 1) = T4
1030 Y(G + 1) = TS
1040 C = 1
1050 NEXT G
1060 IF C = 0 THEN 1090
1070 NEXT H
1080 IF X(N) < > 9999 THEN 110
1090 N = N - 1
1100 GOTO 110
1110 PRINT uINPUT ADDITIONAL X A
ND Yu
1120 INPUT X(N + l),Y(N + 1)
1130 N = N + 1
1140 GOTO 110
1150 END
2000 PRINT A$:A$ = uu: RETURN
1
3000 PRINT "ERROR IN CALCULATION
, CHANGE PARAMETERS"
3005 GOTO 110
4000 REM SAVING PARAMETERS
4010 D$ = CHR$ (4)
4015 Z$ = W$ + Y$
4017 PRINT
4020 PRINT D$;UOPEN";Z$
4030 PRINT D$;"WRITEU;Z$
4035 PRINT N
4040 FOR Z = 1 TO N
4050 PRINT X(Z): PRINT Y(Z)
4060 NEXT Z
4080 PRINT W$: PRINT X$: PRINT Y
$
4090 PRINT D$;UCLOSE";Z$
4100 GOTO 110
5000 REM RETREIVING PARAMETERS
5010 PRINT
5012 PRINT "INPUT TEXT FILE NAME
PLEASEl u
5014 INPUT Z$
5015 D$ = CHR$ (4)
5020 PRINT D$;UOPENU;Z$
5030 PRINT D$;UREAD";Z$
5040 INPUT N
5050 FOR Z = 1 TO N
5060 INPUT X(Z),Y(Z)
5070 NEXT Z
5080 INPUT W$,X$,Y$
5090 PRINT D$;UCLOSE";Z$
5092 GOTO 5100
5095 PRINT D$;UDELETEU;Z$
5100 GOSUB 6000
5110 GOTO 90
6000 PR# Q
6010 PRINT uTl CALCULATION PROGR
AM RAN ON AN APPLE lIEu
6015 PRINT "THREE CONSTANTS ARE
FITTED TO A FUNCTION"
6020 PRINT W$;U ";X$
6030 PR# 0
6040 RETURN
Tl CALCULATION PROGRAM RAN ON AN APPLE lIE
THREE CONSTANTS ARE FITTED TO A FUNCTION
M901 PYR BF3/BBR3 30 ul EXCESS PYR
CURSOR # IS 3519 AND 3552
TIME Y OBS-CALC RELATIVE DEV
lE-03
lE-03
.05
.05
.1
.1
• 2
• 3
• 3
• 5
• 5
.8
.8
1.5
1.5
3
3
5
5
12
12
-1484
-1477
-953
-960
-607
-631
94
585
602
1321
1317
1942
1895
2438
2392
2524
2500
2520
2484
2458
2430
.... 34.7742419
-27.7742419
51.0910403
44.0910403
-5.3253901
-29.3253901
24.5237918
-9.95678848
7.04321152
-7.51315006
-11.5131501
9.19308504
-37.806915
48.0575754
2.05757532
36.0237873
12.0237873
29.4806946
-6.5193054
-32.5385084
-60.5385084
-1.06286791
-.848914276
1.56158767
1.34763403
-.162769508
-.896324819
.749564906
-.304327295
.215274384
-.229637964
-.351897182
.280984848
-1.15556097
1.4688704
.0628893877
1.10106002
.36750471
.901071671
-.199261296
-.994533152
-1.85034768
A= 2490.53851 STD ERROR= 11.9853638
B= .408695999 STD ERROR= 5.32764451E-03
C= .585767856 S~D ERROR= 7.64903413E-03
NUMBER OF POINTS = 21 STD ERROR OF Y = 32.7173693
APPENDIX 3
FAST ATOM BOMBARDMENT MASS SPECTRA OF
A20/ (QUinUClidine)2BF2+
A21/ (QUinUClidine)(2-PiCOline)BF 2+
A21/ (QUinuclidine)(3-PiColine)BF2+
A24/ (QUinUClidine)(2-EthylPyridine)BF 2+
A24/ (Quinuclidine)(4-PhenylPyridine)BF 2+
A26/ (QUinUClidine)(pyridine)BF 2+
A26/ (QUinUClidine)(4-PiColine)BF 2+
A28/ (Trimethylamine)(pyridine)BF 2+
A28/ (Trime lamine)(3-Picoline)BF 2+
A30/ (Trimethylamine)(4-PiColine)BF 2+
A30/ (Trimethylamine)(4-PhenylPyridine)BF 2+
A32/ (Trime lamine)(2,6-Lutidine)BF 2+
A33/ (Trime lamine)(4-PiCOline)BF 2+
A34/ (pyridine)2BFC1+
(All in glycerol matrix)
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94
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92
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0.0
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0.7
0.2
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0.6
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0.7
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0.6
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0.3
0.9
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0.8
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3.2
3.7
2.2
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2031.
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9780
2884.
2306.
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10125.
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0.6
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1. S
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2593.
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1129856.
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SCAN: 1, 3/4/B5 10:S6
FAB I XE / 7.SW
: 315
INT: 760320./ 760320 .
390S408.
RANGE 30 - 710
TIME/MIse: 0: 01 01 01 0
1
o.
o.
~:
1.0
0.6
2.8
0.6
o.S
0.5
O.S*
0.4
0.1
8.~*
0.1
o.1
0.1
o.1
8.1
1.0
9.1
o.1
0.1
o.1
0.2
o.1
0.1
8.0
0.1
1.6
2.2.
0.6
0.1
8.1
0.1
0.1
0.0
o.1
0.1
2.3*
12.4*3.0
0.4
O.S
0.6
1.4
2.9*
19. S*
5.2*0.6
1.
6.
O•
I .
0.3
0.8
O.S
0.1
0.3
0.4
0.4
0.2
O.S
0.4
0.3
0.3
0.9
0.4
0.6
0.3
0.7
3.3
11.3
3.0
0.3
0.6
0.3
0.6
0.2
0.3
0.4
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63.8
15.4
2.0
2.5
2.8
2.1
15.1
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26.9
3.2
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15381
367S.
2727.
2236.
2961.
32SS.
1608.
3685.
3228.
2382.
2299,.
6473.
2842.
4538.
1912.
SS67.
24714.
85820.
22851
2178.
~S61.
1950.
4501.
1616.
2190.
2985.
89784.
484944.
1168118.
15366.
19083.
21628.
1S830.
11S164.
160321.
204780.
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613
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60S
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377
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359
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322
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20S
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.0
.1
.8
.4*
.3*
.S
.4*
.0
.8
.9
.s
.7
1.1
2.0
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0.8
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(D=4-Picoline , n'=Trimethylamine)
1(1[1
ge
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DPO:213MF2.MS 194 1946. 0.1 0.1
SCAtl:. i ~ 2/13/8S 10:12 1e6 2036. 0.1 0.1
18S 18837. 1.1 o r.:.J
IONIS~TIONt FABlQ 19cero 1 j.70 3S61 . o ~ o. i.'-NO. PEAKS: 1"0 . 168 3602. 0.2 0.1.,-\,1BASE/NREF !NT: 1717376./ 1717376. 167 4734. 0.3 o.1 tTIC: 797l>96. 160 27S7. 0.2 0,1
MASS RA~!GE : 30 - 483 1S8 2S32. 0.1 0.1RETN rINE/iiISC: 0: VI 01 01 0 iS3 4405. 0.3 0.1
152 Si839. 3.0 1.4
MEf~SUKED ABSOLUT~ X INT. "'I ..~~ 151 1901. 0.1 0.1
''II
.u; .
MASS IN1 E'~3ITY 0"(:":" ION 1S0 2789. 0.2 o.1...:h·_It.-
143 7590. 0.4 0.2
4B1 2t~2S . 0,1 o.1 142 92772. 5.4 2.4
4{12 1940. 0." o.i 141 27072. 1.6 0.7
~42 7291. 0,4 0.:'. 140 .3884. o.~ 0.1
341 2S';:~ « 0 1- C.1 139 5713. 0.3 0.234Q 11757. 0.7 l' '7 124 1915. 0,1 0.1
"'.\oJ338 3B74. C.2 o.1 119 2766. 0.2 0.1
-'fJe 4B09. 0,3 0.1 108 20S3b. 1. ;~ O.S\~'- ..J
324 2.357. o ~ 0 1 107 5SS3. 0 3 0.1323 10374. 0.6 0.3 9S 2359. 0,1 o.1
322 3~OS. 0 'j n. i 94 ~6011. 0.9 0.4"-
321 '5213. 0.3 0,1 <?3 1"b?92. 7.4 3.3
266 3469. 0.2 0.1 92 3S38 0.2 o.1
264 10780. 0.6 0.3 91 1889. 0.1 0.0
263 31474 1.8 o.8 90 4799. 0.3 0.1
262 15474. 0,9 U.4 8~} 1133 •. 0.7 o. ~3
261 32064, 1.. 9 G.a 76 'S46f3, 0 3 0.1260 786S. O.S o 'J 75 b440~, 3.0 1 ' 7
"...,. .... 6596. o.~ ,(.. 74 13489. 0.8 0.4f-,j ;) o. i!
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0.3
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ilJd.
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4632.
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39iS.
69S.
iS29.
1961.
21.l:.3.
839.
lOot;.
1329.
1517.
738.
1091'.).
i~HSOLUTE
TNTENSIT'f
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2.~i2
2bS
264
26i
2hO
2S9
249
2~8
., ,'~
L,., "',
246
229
226
225
224
'j"~
C'_\oJ
"1')')(..1-,_
221.
21S
2f}7
202
197
19S
193
t92
1?O
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188
187
1B4
90j
.:;. ,~! ~
.... ' \:. --I
7 f.' f
: - -i
(;(1 I
'-1
SOJ
40J 144
·-·r· ! t
o "'-1 t 159:~~-l - I 115 II: ~
J -_J ..... f L(1 i 4 5 S :~ 1; ? 7 5\ ( ~1 ;~.; , j ;~ 6 I t
t_ -L,-r"T~..,.1."....,.-r,Lr""'-r'rf""""""'-I""-1'~--rJi~.Lf-t ",', · t f , .. 14-c 1" t 1 .........1'., Iff t f i -rr-r"'rn-rt· .' .
DP 0: 1i 26Fl. MS 4 (; 'f) fj ~; (.~ 1. (I ~.) 1. ?~ (1 14 f;-) 16 fl
SC{iN: i!.11/26/8~ 15:27· 180 188'7. 0.4 0.2
1. 79 7920 . t..SO. 7
174 1817. 0.4 0.2
173 791.1. 1.S 0.7
172 62663. 12.2 5.2
1. 7 j. i S~ 4 . 0 .3 0 . 1
170 1422. 0.3 0.1
161 j.283. 0.3 0.1
160 6111. 1.2 0.5
tS9 31460. 6.1 2.6
158 1161. 0.2 0.1
i 57 808 . 0 2 0 1
1S6 976 . C.2 0 .1
lS4 10';4. 0.2 0 i
,. S3 1G98 , a.2 0.. 1
lS2 697. C.1 C.1
147 1337. 0.3 fl.1
l46 t786~~. 3.~; 1 t:
1,15 838.3 . t ,be.'."
"4 11 SC871 . 9 9 4 . 3
143 13590 2.7 1,1
t ~2 15~6 . 1) 3 0 . j.
140 3184. 07 0.3 ,
136 887 0.2 0 i
129 844. 0.2 0.1
128 1069. 02 0.1
~. 26 1372 ' 0.3 0. i
124 8S3. o.~~ 0,1
123 179. 0.0 0.0
t22 10 f18 . 0 ? C. 1
\17 10S1. 02 0.1.
1 j f j ~; ~J7 0 . j, 1 . C
1 :~s 1. ':.' 3t~:9 3 .3 i .4
~ ~ 2 ?6 ~ 1 , nso.2
;. i r ,~ 077 . 0 (-, tl .3
t09 i.1tl 9. 0.2 0.1
108 22:53. 0 .4 0.2j,O! 94. 0.:) 0 0
i01 1116. 02 0.1
81. 47316. 9.2 4.0
t;)G S1'2:?92 100.C ~2.?
IONISATION~ FABI glycerol
NO. PEt'J~S: :21
BASE/NREF INT: 512288.1
rrc: 1193920.
MASS RANGE: 30 - 282
RETH TIME/KISC: 0: 01
A35
APPENDIX 4
PREVIOUS DIFLUOROBORON CATIONS FROM OUR LABORATORY
D D J.j 19 Fa Jll B_19 F
(ppm.) (Hz.)
l Bb SOLUTION c REF
(ppm.)
TMU TMU -146.0 19 3.09 1 97
DMAC TMU -144 8 1 97
DMAC DMAC -144.2 1 97
TMTU TMTU -119.0 1 111
TMSeU TMSeU -111.0 1 111
HMPA HMPA -141.8 12 2 48
BzMeNEt BzNeNEt -147.8 d 2.4 2 18
PhMe 2 N PhMe 2N -155.3 37.2 2 18
1,1-bis(piperidinyl)e lene 1.7 2 112
Various Substituted Benzoate Esters 1 , 2 113,114
------------------- ----------------------------
........ GIll ..
TMU = Tetrame lurea TMTU = Tetramethylthiourea
TMSeU = Tetramethylselenourea DMAC = Dimethylacetamide
HMPA = Hexamethylphosphoramide
a
19 F chemical shifts relative to CFC1 3 •
b ll B chemical shifts relative to OEt 2 eBF 3 -
c Solvents used ...... 1 = CH 2 C1 2 , 2 = CDC1 3 •
d Racemic Mixture.
APPENDIX 5
NMR PARAMETERS OF SOME TERTIARY AMINE AND PYRIDINE ADDUCTS
A37/ ll B Chemical Shifts
A38/ 19 F Chemical Shifts
Constants
aAdduct Ouinuclidine Trimethvlamine Pyridine 2-MePvr 2-EtPvr 3-MePvr 3, 2,
---_._---------------------------------------------------------------------------------------------
-0.5 b -0.2 0.1 0.0 0.3 -0.2 0.1 -0.3 0.0
D. 3.6 b 3.4 2.0 1.6 1.6 1.9 1.9 1.7
D. 4.1 b 4.5 3.8 3.6 3.5 3.7 3.7
D.BFBr .... 3.1 b 2.7 0.0 -0.4 -0.5 -0.1 -0.3
D.BFC1 .... 7.7 b 8.1 6.7 6.6 6.7 6.6
D. 9.2 b 9.6 8.0 7.7 8.0 7.8
D.BC1 .... Br 5.8 b 6.1 3.5 3.3
D. -3.7 -4.0 -8.2 -9.6
D. 1.4 b 1.5 -1.8 -2.5
D. -24.4 -25.7 -29.9 -34.8
D. -3.9 b -4.2 -7.8 -9.0 -9.0 -7.6 -7.8 -7.8 -9.1
D. -17.8 c
D. -34.7 c
D. -53.1 -55.0 -62.2 -67.7
D.BC1BrI -10.6 c
D. 0.5 d
D.BFI .... -16.1 d
a) Chemical Shifts in relative to external • •
Reference 18 c) Reference 67
d) Shift in toluene relative to external
a2,4,2, 3,5 2,2Adduct
--------~------------------------
-163.2 -164.1 -151.6 -148.7 -151.5 -145.9 -152.1 -152.1 -147.8 -152.2 -146.5
D. -133.0 -134.0 -126.5 -120.2 -126.4 -120.4 -126.7 -126.9 -126.6
D.BF_Cl -141.9 -143.4 -133.5 -128.2 -132.7 -127.2 -134.5 -133.9 -128.5 -133.6
D. -120.4 -120.8 -118.5 -106.1 -117.7 -105.8 -117.7 -106.1 -118.2
D.BFC1_
-131.7 -132.6 -126.6 -116.8 -126.7 -115.6 -126.9 -126.9 -116.5 -126.5
D. -119.9 d -119 6
D.BFC1Br -125.5 -126.0
D.BFI_ -108.8 d
-146.6
-117.8
a Chemical Shifts in referenced to C6F6 (-162.7 ppm. from )
b Reference 18 c Incorrec recorded in reference 18
d This work, in toluence referenced to Q. (-163.2 ppm. from )
a2,4,2, 3, 2,62Adduct
15.2 15.1 10.2 11.8 10.3 10.5 10.5 10.5 12.1 11.5
D.BF .... Br 53.9 54.2 48.4 48.0 47.7 48.1 47.8 47.9
D.BF .... Cl 43.5 44.8 38.9 39.2 38.8 39.4 38.7 38.2 39.1 38.7 39.1
D.BFBr .... 89.6 89.3 82.6 85.9 85.4 82.9 85.0 82.7
D.BFCl .... 68.6 69.8 63.3 65.4 63.1 64.7 62.8 63.9 65.5 63.5
D.BF .... I 66.1 c 65.8
D. 114.3 c
D.BFClBr 78.9 78.0
a Values recorded in hertz in or solvents
b Reference 18 c This work, toluene solvent
